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Generato 

constructional 
compact in size, light in weight, 
and can be operated either from 
d Power Supply or low- 
i equency supplies. 
scillatory circuit is 
employed, which may be plate 
modulated by a_ 1,000-cycle sine 
wave oscillator, or grid modulated 
by a 50 50 square wave. Both types of 
modulation are internal, and selected by 
a switch. The oscillator section is triple 
shielded and external stray magnetic and 
electrostatic fields are negligible. Six coils are used to cover the 
range, and they are mounted in a coi! turret of special design. 
Lhe output from the R.F. oscillator fed to an inductive slide 


wire, where it is monitored by an 0 diode. The slide wire 
feeds a 75-ohm 5-step decade attenuator of new design. The 
vutput voltage is taken from the end of a 75-ohm matched 
transmission line. 

instrument totally enclosed in a grey enamelled r 

steel case with detachable hinged lid for use Price £80 
during transport. 


WRITE FOR DESCRIPTIVE L 


Light Weigne ‘ 
Negligible Stray Field 
Frequency Calibration ... iced : 
Modulation 30", sine wave |,000~ and 
pulsed 50 50 square wave at |1,000~ 
Max Attenuation error at 300 Mc s 
Precision Slow-motion Dial. 
Wide Range * ae ... 10-310 Mes 
+ Compact ... wai sits 12} 13}* x 77” 
ADVANCE COMPONENTS LTD., BACK RD., SHERNHALLST., Dual-Power Supply f 200-250 V., 40-100~ 
Phone : LARkswood 4366-7-8 } (80 V., 40-2,000~ 
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ELECTRONIC ENGINEERING VIEWMASTER 


Full Constructional Booklet (London\rea) ... eas Full Constructional Details and Full-size Layout 
Full Constructional Booklet (Birmingham Area)... Diagram aes Re ae 


Complete Set of Coils wound to temona ee 
London Area te i Complete Set of Five specially szlected “ Westing- 


house ” Rectifiers ... bg =o “ah as oe aoe 


Birmingham Area 


Stewart Transformer Mains—350-0- 350V. 250mA ; ; ; 
6.3V. 6A; 4V. BA; 0-2-63V. 2A; 4V. 3A Complete Set of TCC Capacitors at special low price 615 0 


(Postage, 1) 6) Ese 
Stewart E.H.T. Transformer—4KV. Sials " AVct ct. Capacitors also available separately if required. 
2 amp. for rectifier 
Scanco Line Output Tielenge-Snle 45: e . . . 
Max. D.C. 75mA on Primary (Postage, 1/-) Specified Set of Wearite Iron-cored Coils... us oe oe 
Scanco Focus Coil, shunt type max. D.C. 45mA Stentorian Speaker Unit, Type VM...105 ... oot a 
(Postage, 1/-) ibe 
Scanco Line and Frame Scanning Coil Plessey Focus Ring, Type 72004/5 ... .. .. 19 6 


Stewart 5H 250mA Choke ; ae pu 
Stewart 1071 GOmA Choke... nen aes Plessey Scanning Coil, Type 72003... 32... 2S ww. COSC 


TELEVISION i 


FOR THE HOME CONSTRUCTOR OFFER 
WIRELESS WORLD | OF SURPLUS VALVES— 


ALL TESTED AND GUARANTEED 























s. da 
Full Constructional T.R.F. Booklet (London Area) ... 2 6 asin Wk dhe Sh tor sna oiReead otic 
Full Constructional Superhet Booklet (London Area) 2 6 


1T4 1.4V RF. Pen. ... 7/6 6F6 6.3V O/P Pen. 7/6 


Complete Set of Coils, wound to specification by BEL 1S5 1.4V Vari. RF. Pen. 7/6 EFS0 — 6.3V Tel. Pen. 6/0 


SOUND PRODUCTS—T.R.F.Type ... 28 6 1 UN Fre Gag. SN ON Te, 8 
wr set OP tin, a EF55 6.3V O/P Pen. Tel. 10/+ 
Superhet Type ... 212 6 6K8 63V Free. C : EC52 6.3V V.H.T. Triode 5/0 
SV Freq. Changr. 6/6 = ay) 25 SKV. Rest. 7/6 
9 in. Cathode Ray Tube, G.E.C.6501, Mullard 6.3V RF. Pentode 7/6 6146 = 3V Dhl. Diude 2/6 
MW22/4C or Mazda C:R.M.92...  ... =... 11 6 10 6.3V O/P Tetrode 8/6 VR/105/30 Voltage Stab. 116 
3 watt Wire-wound Potentiometers, up to 50K 5 6 eae oe i ~ ae Nl ee ta 
entiometers, up ose 6.3V Min. R.F. Pen. " 6SL7 _6.3V Dble. Tiode 
ee ORS cai oan eh ae ee: a. AN Te 
5V Rect. 250mA. 8/6 Sis Rc, tink 
TCC 0.001uF. SKV Test, Type CP55Q0 .. .. 4 6 WY Rect. 120mA. 6/0” 6X56. Rac. mA 
63V D.D.T. 4/6 1625 IV Tree. Tea: 
Erie Resistors } or $ watts. All at (each) ... mp 04 6.3V Freq. Changr. 6/6 6SH7_—- 6.3V RF. Pen. 
6.3V Var. Mu. Pen. 5/6 KTW61 6.3V R-F. Pen. 


Full range of TCC Capacitors always available. 6.3V RF. Pen. 4/6 954 6.3V V.HLF. Pen 





18, TOTTENHAM COURT ROAD, 
LONDON, W.1. Phone : MUSeum 2453, 4539 


SHOP HOURS: Mondays to Fridays 9—5.30. Saturdays 9—1,\ 


FULL MAIL ORDER FACILITIES 33 PLEASE ADD POSTAGE 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 

(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘“* Situations Wanted,”’ when it is added 

free of charge. At the INCH RATE (if over |” or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s 

Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 

to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electranic Engineering,’’ Advertisements 
must be received before the I4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 
Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


THE MINISTRY OF TRANSPORT invite applica- 
tions for the appointment of an Instructor/Examiner 
in radio aids to marine navigation. Duties will include 
conducting examinations in shipboard maintenance of 
marine radar and giving instruction on the operation of 
tadio aids. Candidates should have a good theoretical 
and operational knowledge of marine radar, and be 
familiar with present commercial designs. Sea-going 
experience of radio aids as a Navigating officer is very 
desirable. The appointment will be on a temporary 
basis, and its probable duration is five years. Salary 
will be within the range of £700 to £900, starting salary 
to depend on qualifications and experience. Write, 
atend A.250/49/BR to Technical and Scientific 

egister (K), York House, Kingsway, London, W.C.2, 
for application form which should be returned completed 


by 15 November, 1949. V 2075 


MINISTRY OF SUPPLY invites applications from 
Physicists for appointments in Southern England. 
Candidates should have a good Honours Degree or 


Some posts require a good knowledge of electronics ; 
ethers require experience or interest in high speed 
photography, optics and servo-mechanisms. Salaries 
according to age and experience within the ranges: 
Senior Scientific Officer: £670-£860; Scientific 
Officer £380-£620. Rates for women somewhat lower. 
Posts are unestablished but carry benefits under 
F.S.S.U. Write quoting A231/49/BR to Technical and 
Scientific Register (K), York House, Kingsway, 
London, W.C.2, for application forms which must be 
returned by 30th November, 1949 W 2048 


MINISTRY OF SUPPLY invites applications for 
two unestablished posts as Senior Experimental Officers 
for liaison work with the R.A.F. at an Experimental 
Signals Station near London. Duties include super- 
vision of design and modification of telecommunications 
ground equipment (radio or radar). Candidates, who 
must be aged 35 or over, should possess at least Higher 
School Certificate or Higher National Certificate or 
equivalent. Design experience of radar or radio 
communication technique essential. Salary according 
to qualifications and experience within the range 
£705-£895. Write, quoting A242/49/BR, to Technical 
and Scientific Register (K), York House, Kingsway, 
London, W.C.2, for application forms which must be 
returned by 18th November, 1949 W 2061 





SITUATIONS VACANT 


BRAZIL 

TELEPHONE PLANT SUPERINTENDENT 

BRITISH COMPANY, operating in Brazil, requires 
a Toll Plant Superintendent for an extensive toll 
network of voice and carrier frequency telephone 
circuits serving large and small towns in an area of 
200,000 square miles. Candidates should be about 
35 years of age, should have an Engineering Degree or 
equivalent, and wide telephone experience. The 
engagement provides for three years of service with 
four months of leave, and will be permanent for a 
man of satisfactory ability. The position is of an 
executive character with good salary. Suitable 
candidates only should write giving personal parti- 
culars and full details of education and experience to 
Box E.E. 409, at 191, Gresham House, E.C.2. W 2004 


THE BRITISH THOMSON-HOUSTON CO. 
fequire a Junior Design Engineer for work of 
exceptional interest on mercury-arc rectifiers. Good 
prospects for able man. Previous rectifier experience 
not necessary, but applicants should have Honours 
Degree in Electrical Engineering and some works 
training. Salary according to qualifications. Apply, 
Stating age, and details of training and experience to— 
Manager, Rectifier Engineering Dept., The British 
Thomson-Houston Co. Ltd., Rugby. W 2029 


JUNIOR TRANSFORMER DESIGNER required. 
Air and oil cooled transformers up to 10 KV. Per- 
manent progressive position. Apply: London Trans- 
former Products Ltd., Cobbold Estate, Cobbold Road, 
Willesden, N.W.10. W 2031 


A 





equivalent with post graduate experience an advantage. - 


A QUALIFIED ENGINEER or Physicist required to 
work on factory design and production problems in 
modern transmission valve factory. Alternatively, a 
senior man with extensive valve factory experience 
would be considered. Salary ranging from £600 to 
£800 per annum according to qualifications and 
experience. Write Box W 5857, A.K. Advtg., 2124, 
Shaftesbury Avenue, W.C.2. W 2063 


TOP GRADE Research Engineer required, preferably 
with first class or good second class Honours Degree in 
Electrical Engineering or Physics, to undertake 
research and development on industrial electronic 
instruments. Applicant should be aged 23-35 years 
with practical and theoretical outlook. Should have a 
keen personal interest in electronic research work and 
light engineering. Workshop experience and know- 
ledge of servomechanism theory and practice are 
advantages. Box W 2064 W 2064 


GRADUATE PHYSICISTS or Electrical Engineers. 
Several vacancies exist for men of ability in develop- 
ment laboratory of electric lamp works in Yorkshire. 
Knowledge of high vacuum technique and/or A.C. 
measurements will be an advantage. Good prospects 
for men wishing to make a career in industry. Salary 
range £400-£550 according to experience. Send full 
particulars of training and experience to Box W 2060. 
W 2060 


ASSISTANT TECHNICAL WRITER required by 
well known, rapidly expanding precision engineering 
organisation in outer West London. Individual who 
combines writing ability with adequate technical 
experience. General mechanical and electrical engin- 
eering background, preferably with some experience of 
aircraft instruments. Write, with full details of age, 
experience and salary required to Box A.C. 45131, 
Samson Clark, 57/61, Mortimer Street, W.1. W 2066 


SALES ENGINEER for specialised work in connexion 
with V.H.F. mobile radio equipment. Duties include 
technical liaison with leading vehicle manufacturers 
and preparation of technical literature. Sound basic 
radio engineering training and experience in similar 
field essential. Leading London manufacturer. Salary 
according to experience. Box W 2058. W 2058 


TECHNICAL REPRESENTATIVE required by 
reputable London manufacturers cf electro-acoustic 
equipment for use by public, industry and medical 
profession. Age 30-40. Sound knowledge electrorics 
and acoustic theory. Good personality and appearance 
essential. Salary {600-£700 p.a. Box W 2057. 

W 2057 


LEVER BROTHERS and Unilever Limited require at 
their Research Laboratories, Port Sunlight, a Scientific 
Instrument Maker, competent to carry out high class 
lathe and milling machine work of small to medium 
size. Experience of electrical instruments an advantage. 
The salary for this post will be assessed according to 
qualifications and experience. Please address reply to, 
Personnel Services/Employment, Lever Brothers, Port 
Sunlight, Limited, Port Sunlight, Cheshire, and mark 
the envelope ‘‘ S.1.M.” W 2044 


By permission of the Ministry of Labour under the 
Control of Engagement Order, 1947. LEVER 
BROTHERS and Unilever Limited require at their 
Research Laboratories, Port Sunlight, a Laboratory 
Assistant with experience in wiring, radio, radar or 
electronic equipment and preferably also high-class 
instruments. Ability to fabricate chassis and perform 
simple machining operations desirable. The salary for 
this post will be assessed according to qualifications 
and experience. Please address reply to: Personnel 
Services/Employment, Lever Brothers, Port Sunlight 
Limited, Port Sunlight, Cheshire, and mark envelope 
* ” W 2056 


TRANSFORMER DESIGNER required by radio 
component manufacturer in London area. Applicants 
should have adequate technical education and experi- 
ence in the design of radio transformers up to $ K.V.A. 
Kindly state age, experience and salary required to 
Box W 2055. W 2055 


SENIOR DRAUGHTSMAN required by large radio 
manufacturer in London area. Applicants should have 
practical training and experience in the design of radio 
and wafer switches. Please state full details to Box 
W 2054 W 2054 


LABORATORY ASSISTANT, age 20 to 24 years, 
required for the Association’s Electronics Section, to be 
engaged mainly on building laboratory equipment. 
Must be able to work direct from circuit diagrams. 
Written applications giving age, experience and salary 
required to Motor Industry Research Association, 
Great West Road, Brentford, Middlesex. W 2053 


VACANCIES EXIST for Research Engineers or 
Physicists for the design of specialised testing equip- 
ment for making measurements on dielectrics, magnetic 
materials, semi-conductors, rectifiers, crystals etc. 
Mathematical analysis, electronic circuit design, con- 
structional work and composition of reports is involved 
Candidates must have aptitude for the job, and should 
preferably be University Graduates with some practical 
experience. Applications should be made to the 
Personnel Manager, Standard Telecommunication 
Laboratories Limited, Progress Way, Enfield, Middle- 
sex. W 2052 


BUSH RADIO LTD. Applications are invited from 
Engineers and Assistants for positions in the following 
branches: (a) Communications and domestic radio 
development ; (b) Television development; (c) Test 
gear development. Apply in writing, giving age, 
qualifications, details of experience, salary required 
etc., to the Personnel Manager, Bush Radio Ltd., 
Power Road, Chiswick, W.4. W 2051 


GLASSBLOWERS required for research laboratories. 
All round experience in hard and soft glass essential, 
knowledge of lathe work advantageous. Apply in 
person or write to Personnel Dept., R/D., E.M.I. Ltd. 
Blyth Road, Hayes, Middlesex. W 2076 


A SENIOR ENGINEER experienced in air radio 
communication equipment required by progressive 
radic factory in North West London. Only applicants 
of experience and highest references need apply. Write 
in confidence, age, experience and salary required to 
Box W2077. 2077 


METROPOLITAN-VICKERS Electrical Co. Ltd., 
require for their Trafford Park Works a number of 
Senior Draughtsmen with experience in radio and radar 
equipment. For qualified men, these jobs are per- 
manent. Five-day week under good conditions. Apply 
in writing, stating age, qualifications, experience and 
salary required, marking envelopes ‘“‘ Radio” to: 
Personnel Manager, Metropolitan-Vickers Electrical 
Co. Ltd., Trafford Park, Manchester, 17. V 2078 


PRODUCTION SUPERVISOR required by leading 
hearing aid manufacturers, with recent experience of 
modern methods of production control, time and 
motion study, etc. Preference given to man who has 
held similar position in small factory and been respons- 
ible for all production functions. Applicant must be 
practical, flexible and energetic, with fair technical 
knowledge of radio. He will be situated in East 
London until the New Year, then transferred to High 
Wycombe. Salary within the range of £500-£600 per 
annum depending upon qualifications and experience. 
Write giving full particulars of previous employment to 
Box No. A. 2948, Haddons, Salisbury Square, London, 
E.C.4. W 2047 


MOTOR DESIGNER required to take charge of a 
F.H.P. Electric Motor Design Laboratory, manu- 
facturing industrial induction motors and domestic 
equipment. Applicants should have an Electrical 
Degree or equivalent qualifications and works experi- 
ence. Salary £600 to £800 p.a. to commence. Apply, 
with details of age, education and experience, to The 
Employment Officer, Hoover Ltd., Western Avenue, 
Perivale, Greenford, Middlesex. W 2041 


ELECTRONICS ENGINEER required by firm in 
South Wales for origina! design and development of 
control gear. State full particulars of experience, age 
and salary required, to Box W 2073 2073 


MECHANICAL DESIGNER with some electrical 
knowledge required by large manufacturer of radio 
equipment situated in eastern suburbs of London. 
Applicants with knowledge of radio components and 
particularly with experience of variable capacitors will 
receive preference. Please state full details of experi- 
ence with age and salary to Box W 2049 W 2049 








ONE of the development laboratories of the Plessey 
Company, Limited, near Witham in Essex, requires 
additional Chemists and Physicists of all grades. The 
laboratory is engaged on development work connected 
with the manufacture of radio components. Successful 
applicants will be assisted in obtaining accommodation. 
Make application in first instance to Personnel Manager, 
The Plessey Company Limited, Ilford, Essex. W 2050 


DEVELOPMENT ENGINEERS experienced in 
design of electronic equipment required in the Com- 
pany’s laboratory at Farnham (Surrey). Applicants 
with previous te Jecommunications experience preferred. 
Age 25 to 30. Salary according to qualifications. Box 
No. S.T./502, 30, Cork Street, W.1. W 2080 


PHYSICIST with experience of electronic technique 
required to take charge of scientific instrument develop- 


ment. Write giving details of career and state salary 
required to W. C. Pye and Co. Ltd., ** Granta ’’ Works, 
Newmarket Road, Cambridge. W 2079 


TECHNICAL ASSISTANT required for pilot pro- 
duction unit making special types of thermionic valves, 
gas-filled tubes and vacuum capacitors. Practical 
experience in vacuum work of this nature essential. 
Staff appointment, salary according to age, qualifica- 
tions and experience. Apply to Personnel Manager, 
Messrs. Ferranti Ltd., Ferry Road, Edinburgh. W 2074 


ELECTRONIC ENGINEER, practical and ambitious, 
required for development of industrial instruments. 
Salary {600. Woking, Surrey area. Apply, stating age 
and experience to Box W 1015 ’ 1015 


AN INTERESTING VACANCY exists for Honours 
Degree Physicist or Electrical Engineer to take charge 
of instrumentation development work on industrial 
electronic equipment in Midlands. Preferably 28-35 
vears old with previous experience and a capacity for 
leading a development team. Write quoting Ref. 723, 
giving full particulars to Box W 2059 W 2059 


ELECTRICAL ENGINEER with technical qualifica- 
tions for position of Section Leader in works laboratory. 
Development of remote control and servo mechanisms. 
Knowledge of magslips, small A.C. motors, electrical 
design, mathematics and electronics. Full particulars 


of age, education, experience and salary required to 
Muirhead & Co., Ltd., Elmers End, Beckenham, Kent. 
] 2071 


TECHNICAL SALES ENGINEER required for 
sales promotion of radiation, forced air and water 
cooled valves. Previous experience essential. Please 
state experience in detail, technical qualifications, age 

salary to Box 754 c/o re Advertising Ltd., 18 
Lower Regent Street, S.W. WwW 


2072 


STANDARD TELEPHONES and Cables Pty. Ltd., 


Sydney, Austrailia, have vacancies for Electronic Valve 
Engineers. University Degree preferred, with know- 
ledge of the design and production of valves. Only 
applications to Box W 2068 Electronic Engineering, 
giving age, qualifications, experience and_ salary 
required will be considered. W 2068 
SENIOR AND JUNIOR Development Engineers 


and Draughtsmen for racio, radar, electronics, burglar 
alarms, etc. Service engineers radio, television, radar, 
electronics, Wiremen (skilled and semi-skilled) radar, 
instruments, radio. H.F. repairers, testers, inspectors, 
radio, television, radar. Other positions vacant, 
consult Technicai Employment Agency, 179, Clapham 
Road, $.W.9, (BRIxton 3487). W 2070 


DEVELOPMENT ENGINEER required by firm in 
Watford district for work on industrial electronics. 
Experience with strain gauge apparatus would be an 
advantage. Educational standard should be Inter- 
B.Sc., or equivalent. Box W 2067 


DRAUGHTSMEN, mechanical and electrical, are 
required by the research laboratories of The General 


2067 


Electric Co. Ltd., East Lane, North Wembley, for work 
in the fields of valves and radio, inclhifding V.H.F. and 
centimetre wave equipment. Vacancies exist for 


experience as well as for 
Apply to the Personnel 


seniors with several years’ 
juniors, but not for trainees. 


Officer, stating age, academic qualifications, and 
experience. W 2046 
ENGLISH ELECTRIC invite applications from 


Chemists, Chemical Engineers and Metallurgists for 
posts in the High Frequency Heating Section at 
Stafford. This is a progressive section, developing 
H.F. generators and new industrial processes using 
H.F. energy. Experience of H.F. is preferred but not 
essential. Vacancies exist for junior and senior men. 
Write, giving full particulars, quoting Ref. 287, to 
Central Personnel Services, English Electric Co. Utd., 
24/30, Gillingham Street, Westminster, S.W.1. W 2045 





Electronic Engineering 


WELL KNOWN Midland Manufacturer of electronic’ 
components requires a Technical Correspondent for 
duties in the Sales Department. This situation cffers 
good prospects for a young man with sales outlook and 
some knowledge of light electrical engineering. Box W 
1016 W 1016 


YOUNG MAN with Higher National Certificate in 
Electrical Engineering required, preferably with some 
knowledge of measurements to carry out electrical and 
magnetic measurements on all kinds of special alloys 
and the application thereof. Full particulars to Box 
W 2042 W 2042 
SENIOR DRAUGHTSMEN required. Preference 
given to those with experience of design of radio 
equipment. Shop experience essential. Apply Box 


W 2043. W 2043 
MECHANIC, machine shop trained, experienced 
manufacturing and assembly electronic equipment 
wanted by nationally known printers, West London 
area. Write, stating age and wages required. Box 
W 2037. 7 2037 
ELECTRONIC RESEARCH and Development 


First Class Honours Degree or 
Vacancies for Senior Engineers 
Interesting 


Engineers required. 
equivalent preferred. 
with industrial experience and for juniors. 
new projects. Pension Scheme. Apply, stating age, 
qualifications, experience and salary required, to 
Personnel Manager, Fairey Aviation Company Ltd., 
Hayes, Middlesex. W 2036 
DEPARTMENT OF COLLOID SCIENCE, Cam- 
bridge University. Applications are invited for an 
Assistantship in Research. The holder of this post will 
be expected to devote his time to the application of 
electronic techniques to spectroscopy, especially in the 
infra-red, and to related physico-chemical problems. 
Salary £300 to £450 p.a. (or possibly higher) accerding 
to qualifications. Tenure three years. Please com- 
municate with Dr. N. Sheppard, address as above. 

2062 


ELECTRONIC ENGINEER required for work in 
inspection department. Qualifications : Higher 
National Certificate Standard with production experi- 
ence of radio engineering knowledge of A.I.D. work in 
this branch would be an advantage. Please write, 
giving full details to, Personnel Department, E.M.1. 
Engineering Development, Ltd., Blyth Road, Hayes, 
Middlesex. W 2038 


E. K. COLE LTD., Electronics Division, Malmesbury, 
Wilts., invite applications for the post of Senior Radio 
Development Engineer. Duties will be mainly con- 
cerned with design of V.H.F. transmitter-receiver 
equipment. F.M. and A.M. and applications will only 
be considered from first class engineers capable of 
assuming full responsibility for basic design and 
engineering for production of such equipments. 
Applicants should possess qualifications equivalent to 
A.M.L.E.E. examination standard. Commencing 
salary and status will be commensurate with qualifica- 
tions and experience. Excellent opportunities for 
advancement are offered, with entry into a Pension 
Scheme after a period of service. Forms of applicaticn 
may be obtained from Personnel Manager, EKCO 
Works, Malmesbury, Wilts. W 2039 
RADIO ENGINEERS required for positions in the 
Development Laboratery of large manufacturer in 
East London area. Applicants need not have academic 
qualifications but must have had not less than three 
years’ experience in radio receiver development 
laboratory. State full details to Box W 2081. W 2081 


SITUATIONS WANTED 


ASSOC. BRIT. I.R.E. (27), Final City & Guilds 
Radio, seeks London post. Both commercial and 
technical experience and training. Five vears industrial 
development electronics ani radio, Capable corres- 
pondent. Box No. W 1017. W 1017 
LABORATORY ENGINEER, 11 years present post, 
seeks change. Broadcast and M.O.S. UHF communica- 
tion receiver development, television, components. 


Box No. W 1or4. W 1014 
ELECTRONIC PHYSICIST, B.A., Grad I.E.E., 
wants evening work. Technical writing, tuition, etc. 
Box No. W 10173. W 1013 


ENGINEER B.Sc., znd Class Honours in Tele- 
communications. Knowledge of electromagnetic field 


theory and electronics, seeks position in research or 
development, U.H.F., V.H.F., preferred but not 
essential. Box No. W 1oro. W ro10 


TELEVISION ENGINEER, 35 years, M.Sc. Degree 
of Technical University, 21 patents, many publications, 
at present Chief Engineer of Research Laboratory for 


an important Portuguese Company, wants similar 
position oversea, preferably South America, Box 
Wio18. Wro18 


November, 1949 


BUSINESS OPPORTUNITIES 
BRITISH EXPORTERS having extensive con- 
nexions in all oversea markets, require sole or partial 
agencies for British manufactured engineering and 
allied materials and equipment. Full details to 
Chemia Products (U.K.), Ltd., 10/13, Dominion Street, 
South Place, E.C.2. Telephone: MONarch 3517/9. 
’ 2040 


EDUCATIONAL 
A.M.LE. E., City and Guilds, etc., on ‘“* NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. W 100 


SERVICE 
LOUDSPEAKER repairs, British, American, any 
tnake. Moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.1. W tor 


FACHITIES for the inspection by Electronic 
Engineers of production processes invariably results in 
a worthwhile time or labour saving suggestion. May 
we have the pleasure of an invitation to your works 
with such an end in view. Spencer-West, Quay Works, 
Great Yarmouth. Wiorr 
GLASSBLOWING, repetition and scientific by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, Wood 
Green, London, } Phone BOWes Park 7221-2. 
W106 





.22 





FOR SALE 
WEBB '’S 1948 Radio Map of World, new multi-colour 
printing with up-to-date call signs and fresh informa- 
tion: on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, 11s. 6d. post gd. W 102 


MOVING COIL METERS, 500 microamps (0.5 mA) 
scaled 0-600 volts, resistance 500 ohms, flush fitting, 
zero adjustment, ideal for 2,000 ohms per volt meter, 
or tuning meter, etc., 3s r1d., post paid. Jack Porter, 
Ltd., 30/31, College Street, Worcester. W 1006 
COMPONENTS. Our new list gives details of the 
varied range of components we stock. Copy sent upon 
request. M. Watts & Co., Baker Street, Weybridge, 
Surrey. W toor 
MAGSLIPS AND SELSYNS, many types available 
Selsyns up to 45 lb. per inch torque. Send for list giving 
full technical data on application. Hopton Radio, 1, 
Hopton Parade, Streatham High Road, London, 
S.W.16. STReatham 6165. Wr04 


MERCURY SWITCHES are made by Hall Drysdale 


& Co. Ltd., of 58, Commerce Road, Wood Green, 
London, N.22. Phone BOWes Park 7221-2 Wri07 
PHOTO-ELECTRIC RELAY SETS by G.E.C., 


comprising two 230V A.C. units: beam projector and 
P.E. Relay, each mounted in massive cast-iron case, 
totally enclosed for outdoor use. £9 per complete set. 
P. B. Crawshay, 166, Pixmore Way, Letchworth, 
Herts. Wio19 





WANTED 
WE WILL BUY at your price used radics, amplifiers, 
converters, test meters, motors, pick-ups, speakers, 
etc., radio and electrical] accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2. GERrard 4447. N 103 


EARLY MODEL LAFAYETTE Radio Sets urgently 
required to complete historical collection of radio 
receivers. Either model 1020, 1030 or 1050. Naturally, 
generous payment will be made. Write Box No. 599, 
T. & G., 101, St. Martin’s Lane, London, W. 

V 2065 








VELODYNES 
MAGSLIPS 
SELSYNS 


Catalogue and Technical Details on 
request. 
Technical Correspendence invited. 


HOPTON RADIO, 


1, Hopton Parade, 
Streatham High Road, 
LONDON, S.W.16. 


Telephone : STReatham 6165. 
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Almost anything made in hardwood, 
metal, or the many electrical insulating 
materials can be made in Tufnol. If failures 
in these other materials are traceable to 
‘splitting or splintering, corrosion, moisture, 
extremes of climate or excessive weight 
— Tufnol should certainly be considered 
as an alternative—an alternative, be it 
noted, not a substitute. Being selected 


for its own chemical resisting, electrical 


TUFNOL LTD -: 


PERRY BARR :- 


Flectronic Engineering 





insulating, and mechanical qualities, 
Tufno!] has made itself indispensable to 
engineers and industrialists everywhere. 

Tufnol is used because it gives better 


service and cuts maintenance costs. 










TO KEEP YOU POSTED 


What Tufnol has done is instanced 
in the various Tufnol Publications 
which also contain useful data. 
Should yours be a new problem 
our Technical Staff will take 
it up with enthusiasm, and 
their findings will be placed 

at your disposal. Why not 
write TODAY ? 


TUFNOL 


REGISTERED TRADE MARK 





An ELLISON Product 


BIRMINGHAM 22B 
233 
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METAL DETECTION EQUIPMENT 


provides an additional safeguard for the quality of the product and 
eliminates the risk of fire and damage to machinery by tramp metal. 


Typical installations of the 
‘CINTEL’ INDUSTRIAL ELECTRONIC METAL DETECTOR 


Chocolate Coated Biscuits 








Dried Fruits 


Chocolate Bars 


Toilet Requisites 


Packaged 
Confectionery 


Applications in other industries including Plastics, Tobacco, Textiles, Insulating materials, Limestone, 
Sugar cane crushing, etc. 
The ‘ Cintel’ Industrial Electronic Metal Detector has been specially designed to 


provide permanent inspection facilities with the minimum of attention. Fully auto- 
Ci NTE matic in operation, the equipment removes the risk of error that may be present 


with visual inspection and detects both ferrous and non-ferrous metal inclusions. 





ELECTRONICS 
EXHIBITION 
& SYMPOSIUM 


ERAMINATION MALL 


QUEEN SQUARE WC! 


CINEMA TELEVISION LIMITED 


WORSLEY BRIDGE ROAD, LONDON, S.E.26 
Telephone: HiTher Green 4600 
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TEST SET TYPE D-30-A 


RANGE -— - 001 ohm to 11°11 megohms A portable test set for general resistance 

DIMENSIONS - - — -12}”x9}"x 6" measurements and for fault location on lines and 

WEIGHT - - - - - 12 lbs.  eables—May be used for A.C. tests with suitable 

A descriptive bulletin ig be supplied on power source and detector—Resistance decades 
request. 


and galvanometer can be used externally. 


MUIRHEAD 


MUIRHEAD AND COMPANY LIMITED, ELMERS END, BECKENHAM, KENT. TELEPHONE : BECKENHAM 0041-0042 


FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 
8 
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Furthgy details obtainable on application to :— 


A. C. COSSOR LTD., INS UMENT DIVISION. HIGHBURY, LONDON, N.5 
‘ orl 


November, 


1949 


— 
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Hectronic Engineering 


Valves for Research 
and Development 


More than twenty years of intensive research work lie behind 
the BTH valves now in production. Reliability in use is ensured 
by careful testing of materials and highly-skilled assembly. A 
very wide range is available, especially for radar and industrial 


applications. 


« BRITISH THOMSON-HOUSTON. 


RUGBY, ENGLAND 
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HE smallest of their kind (Actual size 3'/32” x ?/4” x '/4”) Standard QUARTZ CRYSTALS (Type 4039) 
are artificially aged, hermetically sealed and robust to a degree. They are thus highly suitable for 
use in miniaturized stabilizing circuits of the highest stability and capable of withstanding the con- 
siderable shocks, heavy vibration and the widely varying climatic conditions which are inseparable from 
Service conditions. 
Typical of Standard’s attention to detail is the handy finger grip for easy insertion and removal of the 
QUARTZ CRYSTAL. 


Standard Telephones and Cables Limited (reverHone wine DIVISION) 
Registered Office. Connaught House, Aldwych, London, W.C.2 
NORTH WOOLWICH, LONDON, E.16. Telephone: Albert Dock 140] 
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19H5 High Vacuum Diode 


The MAZDA 19HS is a very low impedance diode intended for use as a charging or damping 
diode in Radar applications. It can also be used as a Power Rectifier at Mains frequencies. 





RATINGt 


*Heater Voltage (Volts) .. 
Heater Current (Amps). . 
Maximum Anode Dissipation (Watts) 


(a) AS DAMPING DIODE 


Maximum Anode Current pulsing 2 1 secs. maximum (amps) 
Maximum Peak Inverse Voltage short pulse rating or transients (kV) 
Approximate Impedance at 8 amps. Peak. (ohms.) 


(b) AS POWER RECTIFIER OR CHARGING DIODE 


Maximum Mean Anode Current at 4:1 Peak/Mean (Choke Filter) (mA) 
Maximum Mean Anode Current at 8:1 Peak/Mean (Capacity Filter) (mA) 
Maximum R.M.S. Anode Current (mA) 

Maximum Peak Inverse Voltage (No Load) (kV) 

Maximum Peak Inverse Voltage (On Load) (kV) 


*The Heater must be switched on for 30 secs. before the Anode Voltage is applied. 


tAll maximum ratings are absolute values, not design centres. 
DIMENSIONS 


Maximum Overall Length (mm) 
Maximum Diameter (mm) 


LEIDUSWA\ 


MAZDA 


RADIO VALVES AND GATHODE RAY TUBES 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 














RAI64 
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This publication is of importance to 
radio engineers. It gives useful informa- 
tion on the range of connecting wires and 
sleeving made by BICC to meet the 
requirements of the Radio and Tele- 


communication industry. 


Write to-day for Publication 247R 





BH BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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“STEREOPHONIC” 
AMPLIFIER 


This new amplifier with triode cathode-coupled output stages has 
the effect of making the reproduction more like the original than 
ever before. A small proportion of this improvement results from 
the reduction of the Doppler effect, which is achieved without 
lowering the damping factor on the speakers, with the consequent 
distortion and transient loss which would follow. 


When listening to an orchestra the low frequencies are usually heard 
towards the right, and the high frequencies towards the left. When 
reproduced ‘through the Vortexion “‘ Stereophonic ”’ amplifier with 
low and high frequency speakers suitably spaced according to 
required listening angle, the high and low frequencies are heard in 
their relative positions simulating the effect and appreciation of 
the original. 


This speaker placing is necessary because our ears are on a horizontal 
plane. The effect would be lost if our ears were positioned one 
above the other, as can be proved by inclining the head sideways. 


Our efforts to achieve “ Stereophonic ” results by the use of various 
choke and capacitor cross-over networks between the amplifier and 
speakers were unsuccessful, due to the large variation of speaker 
impedance at various frequencies, unevenly loading the resonant 
circuits. 


After many months of research we finally achieved our aim with what 
is basically two special low-distortion, high damping factor amplifiers 
in one, each covering a portion of the audio spectrum with a sharp 
cut per octave at change-over frequency. The acoustical efficiency 
of the bass and treble speakers may vary, so a balancing control 
is fitted to the amplifier. This simplifies the choice of speakers, 
since each speaker has only a narrow frequency coverage. 


The “ Stereophonic ” amplifier is now in production, and we invite 


you to hear a demonstration of what we believe to be something 
new and which will add to your enjoyment of music. 


Chassis complete with valves 


Price 364 gns. 


VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19 
Telephones: LIB 2814 and 6242-3 Telegrams: ‘‘ Vortexion, Wimble, London” 
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AVY 


PRLCASAOKI 
ELRECUREIECAL 
TESTING 
ENOTRUMERTS 


A dependably accurate instrument is indispensable for testing and rapid fault-location’ 
For economy of time and expense, a multi-range instrument is to be recommended. Where 
compactness is desirable in the size of the meter, no more suitable instrument is available 
than an AvoMinor. 














The UNIVERSAL AVOMINOR 


A small but highly accurate instrument for measuring 
A.C. and D.C. voltage, D.C. current, and also resistance. 
It provides 22 ranges of readings on a 3-inch scale, the 
required range being selected by plugging the leads 
supplied into appropriately marked sockets. An accurate 
moving-coil movement is employed, and the total 
resistance of the meter is 200,000 ohms. 


The instrument is self-contained for resistance measure- 
ments up to 20,000 ohms and, by using an external 
source of voltage, the resistance ranges can be extended 
up to 10 megohms. The ohms compensator for incorrect 
voltage works on all ranges. The instrument is suitable 
for use as an Output meter when the A.C. voltage ranges 


£8: 102 Q 2% ming used. 


Complete with leads, 
interchangeable prods 
and crocodile clips, 
and instruction book. 





4 
D.C. VOLTAGE A.C. VOLTAGE 
0—75 millivolts O—5 volts 
O—5 volts —2 ” 
o—25—,, o—i00 ,, 
o—I!00 ,, o—250 ,, 
o—250 ,, 0—500 ,, 
o—S500 ,, 
RESISTANCE 
D.C. CURRENT = 0—20,000 ohms 
0—2.5 milliamps | 0—100,000 ,, 
o—s = 0—500,000 ,, 
o—25 ss 0—2 megohms 
o—1!00 as o—5 ” 
o—S00 Os, o—i0_ ,, 
CURRENT 
GUARANTEE ATP 
The registered — milliampe. 
TradeMark*‘Avo” ad " 
: ; 0—30 a 
is in itself a 
guarantee of high o—120 
accuracy and su- VOLTAGE 
periority of design O—6 volts 
and craftsman- o—i2 ,, 
ship. Every new 0—60 ’,, 
AvoMinor is O—120 f,, 
guaranteed by the 0—300 ,, 
a apy! etch 0—600 ,, 
against the _ re- 
mote possibility RESISTANCE 
of defective 0—10,000 ohms 
materials or 0—60,000 ,, 
workmanship. 0—600,000 ,, 
O—3 megohms 











Size: 4}ins. x 3%ins. x Igins. Nett weight: 18 ozs. 


The D.C. AVOMINOR 


A conveniently compact 24-inch moving 
coil precision meter for making D.C. 
measurements of milliamps, volts and 
ohms. The total resistance of the meter is 
100,000 ohms, and full scale deflection of. 
300 V. or 600 V. is obtained for a current 
consumption of 3mA. or 6mA. respectively 


Size: 4hins. x 3hins. x Ifins. Nett weight: 12 ozs. 


£5:5: 


Complete with leads, 
interchangeable prods 
and crocodile clips, 
and instruction book. 


@ Complete descriptive Booklet available on application to the Sole Proprietors and Manufacturers :— 








She AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LTD. 


(WINDER HOUSE* DOUGLAS STREET + LONDON: S.W.1 






Telephone: VICTORIA 3404/9 A.V.1L. 
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In the full range of Ferranti Electrometers there are 
ten different single or double valves — all indirectly 
heated. 

2 volts 345 mA 

Heater ratings | 4 volts 240 mA 

8 volts 125 mA 
On International Octal Bases 
Control grid currents less than 3 x 104 amps. 





Ferranti Ltd. 


ELECTRONICS DEPARTMENT, MOSTON, MANCHESTER IO 
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VOLTAGE 
REGULATING 
set «Adal 


A Comprehensive Range 
) | for 


High or Low Tension | 
Manual or Automatic Operation 
High or Low Current 


Constant or Infinitely Variable 
Voltage 








Foster Transformers & Switchgear Ltd 


Associated with SOUTH WIMBLEDON, LONDON, S.W.19 
LANCASHIRE DYNAMO & CRYPTO LT 
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Providing technical 


to our products, and the suppression of electrical | 


Devaluation of the Pound 


It seems clear, in these un- 
certain times, that it 
to assume anything. We decided 
that we would publish prices 
in our Radiolympia_ catalogues 
and advertisements, so they duly 
appeared in our last ‘‘ Belling-Lee ”’ 
page. Then the pound was upset and 
that in turn upsets the prices of our 
raw materials, particularly light 
The result is that some 
aerials have had to be increased a 
little in price, whereas others are 
unaffected. We are sorry; we are all 
in the same boat, and none of us 
can afford to be philanthropic in 
business, though we do try to give 
better value for money. 


is unwise 


alloys. 


**MULTIROD ” array for Fringe 
Areas 


This new array has been men- 
tioned before in this page but of 
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THE “BELLING-LEE” PAGE 


information, service and 


course while we do not forget to 
thank the Laboratory for the design 
of the ‘‘ Multirod,’’ we are glad to 
have been able to test it in the field 
outside Laboratory control. In a 
recent demonstration and talk to 
dealers in and around Stoke-on- 
Trent, we tried to get the London 
transmission on a standard ‘“ H”’ 
and on the ‘‘ Multirod.’’ Both were 
erected at the same height and 
had the same length of feeder. 
Where the ‘‘ H.”’ gave no signal, a 
reasonable picture was held on the 
‘* Multirod.”? There was fading and 
there was much interference, but 
the picture was worth-while. We 
agree it might have been our lucky 
day. We do not encourage ordinary 
domestic viewers to try this means 
of Television reception, because a 
dissatisfied customer is no advertise- 
ment either for our aerials or other 
manufacturers receivers. We know 
there are many people who will at- 
tempt to receive a picture at any 
price and they are generally very 
enthusiastic about results which are 
indifferent when compared to those 
received just outside London. There 
are many people situated in fringe 
areas who have spent a lot of money. 
on a Television Receiver from which 
they expect to see better things; to 
them, such an aerial as the 
‘* Multirod ’’ might make all the 
difference between what is and is 
not a worth-while picture. 
Low-priced Aerials for ‘“‘ CLOSE-IN ” 
Areas 
We go from the most expensive 


to the cheaper types. We cannot 








advice in relation 
interference 


say too emphatically that 


deprecate the selling of an expen- 


we 


sive aerial where a cheaper one will 
do. There has been much discussion 
as to the ranges at which aerials 
will work. At Radiolympia on the 
opening day, the writer was asked 
if he could guarantee the use of a 
** Doorod ”’ 
What is 

‘* guarantee ’’? 


at 10 miles distance. 
by the word 
According to the 
dictionary definition, definitely no, 


meant 


but we know of many ‘“ Doorods ”’ 
giving every satisfaction at St. 
Albans (about 18 miles) and at 
Southend (about 30 miles). 

We also know of cases quite close 
to the transmitter where an ‘‘ H ” 
type ‘‘ Viewrod ” 
combat interference. 


is necessary to 
Now that we 
have the new lightweight range, we 
would recommend the L700 London, 
L701 Midland, for this purpose. It 
is much cheaper than the standard 
4\ spacing used on the 
““H”’ and the “ Multirod.”” Any 
T.V. aerial may be affected by local 
conditions beyond the user’s control 


senior 


and therefore any figures given 
Several 
recommending 
greater distances for indoor aerials 
and simpler dipoles thar. we do; in 
our opinion these recommendations 
do not sufficiently stress that the 
distances only apply to favourable 
locations and freedom from inter- 
ference. 


must be very conservative. 
set makers are 


BELLING & LEE Ci 


| CAMBRIDGE ARTERIAL RD., ENFIELD MIDDX _ ENGLAND | 
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This needs looking into! 


There is little more one needs to do with the 
Ediswan Microfilm Reader but look into it, 
for it is so designed as to make Microfilm 
Reading as easy as, if not easier than, reading 
a book. 

The film gate is situated in the front of the 
instrument at a convenient level just above the 
table and the minimum of physical effort is 
required whether the film is in strip form or 
on spools. The screen is ideally positioned for 
easy viewing, and provides a brilliant image in 
a normally illuminated room. No focusing 
adjustments are necessary, optical alignment 
being fixed during manufacture. The position 
of the lamp is such that temperature rise at 
* The instrument has a par- 
the film gate is negligible; no cooling fan is | ticular application in the field 
employed and the instrument is silent in ae ee 


: and information published and 
operation, disseminated in microfilm form. 





There are two models available, givingdirect viewing magnifications 


of 7.5 or 12.5 and 12.5 or 20 respectively 


MODEL 1 £47.10.0 MODEL 11 £65.0.0 


EDISWAN 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 


RAI35C/M 
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Room 
fora may un 


A mass of resistances, wires and condensers — 5 how do you squeeze 


a switch in there? We’ll tell you. Use our Type B.T. switch. It has been 


specially designed for small spaces and simple switching. You'll find it a 


godsend. It’s an even better switch too since it has had an overhaul in our 


Development Section. Here are some improvements we have made to it: 


The contact blades are fixed 
in a new way. This makes 
them rigid all the time. 


The drive spindle is positioned 
definitely in the wafer. This 
provides double bearing. 


, Steady contact resistance. 
Improved insulation between 
contacts. 

Positive contact. 
Self-cleaning action. 


All these help to make 
the Type B.T. an efficient 
and lasting switch. Why 
not try it? 


GARTH ROAD, LOWER MORDEN, SURREY. 


Walter Instruments 


LIMITED 


Telephone: 


DERWENT 


4421-2-3 


CRC46 
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Important to designers of 


MOBILE V.H.F. 
TRANSMITTERS 








SWITCHED FILAMENT 
for BATTERY SAVING 


The new Mullard directly-heated Double Tetrode, 
QQZ04-15, makes possible the design of compact 
mobile transmitters which will operate efficiently 
up to frequencies of 186 Mc/s. The main features 


of this valve are as follows :— 


@ No filament drainon @ Small size (100 x 
“ Stand-by” 32 mm) 


Transmitters using @ No neutralizing 


\ QQZ04-15’s in each quired. 
OPERATING CONDITIONS \ stage give full out- @ Good frequency 
(INTERMITTENT USE) vi put within 3 seconds multiplier. 

of switching to @ Sections may be used 


mee Yb oe “4 in cascade. 
.. 0.68 A 
1 Planar Anodes 


186 Mc/s 


. 400V 
2x40 mA . Common Screen Grid 








Beaming Plates 


ie eS Ta Planar Control Grids 
* For circuit efficiency = 85% Filament Loop Centre Tapped 


Mul lard Section Separator Plate 


NEWS LETTER 
If you are not already on 
the mailing list for this 
service of advance in- 
formation on new valves, 


please write to us for 


— aot: pectionlees am your THERMIONIC VALVES 
jusiness ietterhea' . 

Mulla se & ELECTRON TUBES 

industrial Power Valves - Thyratrons - Industrial Rectifiers - Photocells - Flash Tubes - Accelerometers 

Cathode Ray Tubes - Stabilisers and Reference Level Tubes - Cold Cathode Tubes - Electrometers, Etc. 

Mullard Electronic Products Ltd., Century House, Shaftesbury Avenue, London, W.C.2 


MVTOIA 
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Salvaging Electrically Twinned Quartz ... : 
By J. L. Rycroft, B.Sc., and L. A. Thomas, B.Sc. 


Capacitance Measurement with an A.C. Volt- 
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Supersonics—A Brief Survey 


= bei Scudel 
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OMMENT on events in the 

political world are not, as a 
rule, the subject of these editorial 
columns, but we cannot ignore the 
impression we have had lately that 
the last few weeks have not been 
happy ones for our governing 
politicians. 

Apart from Sir Stafford’s uneasy 
broadcast on devaluation, Mr. 
Strachey’s visit to London Docks 
which coincided with a lightermen’s 
strike, and the chaos produced at 
Liverpool Street on the occasion of 
Mr. Barnes’ train driving efforts, 
our impression of this uneasiness 
was strengthened by Mr. Herbert 
Morrison at the opening of 
Radiolympia. 

Most readers will already know 
that the opening was delayed by 
a strike among the Exhibition stand 
fitters, with the result that the 
Preview day was cancelled and the 
carefully prepared plans of the 
Radio Industry Council jeopardised. 


D 


Radiolympia 1949 


As Exhibitors ourselves we are 
not likely to forget the harassing 
week prior to the opening or our 
disappointment at the uncompleted 
studios of the B.B.C. and the half 
finished stands—including our own 
—on the opening day itself. 

This does not imply, of course, 
that the Exhibition was a failure. 
The total attendance was nearly 
400,000 with a large number of 
overseas visitors, and according to 
the report just issued by the Radio 
Industry Council substantial orders 
were received in all sections of the 
Exhibition. 

The result of the Exhibition may 
be judged by the statement made 
at the close of the Exhibition 
by Mr. F. W. Perks, the chairman 
of the _ organising committee, 
**Radiolympia has two aims—to 
stimulate public interest in the de- 
velopment of radio, television and 
electronics generally and to sell our 
products at home and abroad. Both 


aims have been achieved. Public 
eagerness to have television is 
proved, but it is no longer prevent- 
ing the replacement of old radio 
receivers. 

Realising the value of such a 
trade exhibition with the largest 
demonstration of television ever 
given in any part of the world, we 
are tempted to ask why Mr. 
Morrison omitted all reference to 
the strike in his opening speech. 

A few timely remarks on the 
enormous damage and loss of good 
will caused by such senseless strikes 
would not have heen out of place 
in these present days of crisis when 
we are being urged to still greater 
efforts. 

Indeed, as was so aptly stated by 
the Spectator ‘‘ hearty exhortations 
to business men by Ministers with 
not a day’s experience of business 
tend to be more irritating than 
effective, and they are in any case 
superfluous.” 





Electronic Engineering November, 1949 


Photographs of selected exhibits at R.R.D.E., 
Malvern, are illustrated with brief technical 
descriptions : 


I. Measurement of projectile velocity is demon- 
strated by a model rocket projectile travelling 
along a wire. The actual velocity of the 
projectile in this demonstration is read direct 
on a meter which is calibrated in miles per 
hour. 

. Demonstration model of an automatic follow- 
ing unit using a light beam. 

. Amodel projectile used to illustrate how radio 
signals and data are transmitted from it while 
in flight. 

. High-speed automatic plotter used in con- 
junction with Gun Laying Radar for location 
of enemy mortars. 

. A rear view of a wide angle scanner with a 
metallic lens. 


(Photos 1, 3 anc 5 by Fox Photos Ltd.) 





EXHIBITION AT R.R.D.E. 


The Ministry of Supply’s Radar 
Research and Development Estab- 
lishment which is responsible for the 
research and development of army 
radar equipment held an exhibition 
on September 20-21 ot this year. 
Over 100 exhibits were displayed 
to scientists and _ representatives 
of the various Services, Universi- 
ties, Industry and Government 
Departments, 
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Resistors for Deposited Circuit Techniques 


By W. R. CONWAY, A.M.Brit.I.R.E., Assoc.|.E.E.* 


| § was evident from the lively dis- 
cussion which followed a recent 
informal lecture on Printed Circuits 
by J. E. Rhys-Jones and G. W. A. 
Dummer at the I.E.E. that elec- 
tronic engineers are showing con- 
siderable interest in the development 
of deposited circuit techniques. It 
was also quite clear that. the deposi- 
tion of resistors was considered to 
be one of the major problems to be 
settled before the techniques could 
be economically employed. For 
some years deposited wiring tech- 
niques have been used or suggested 
for producing the wiring layout in 
a few manufacturing operations, 
and it is desirable that the com- 
ponents be incorporated as simply 
as the wiring, the use of the solder- 
ing iron being avoided if possible. 
The aim with fixed resistors is to 
connect them all simultaneously in 
their position in the layout in one 
or two automatic operations. 

If the number of resistors in an 
equipment is small it may be advan- 
tageous to wire in standard com- 
ponents, provision would then be 
made in the wiring layout for 
them. By wiring in standard com- 
ponents the equipment designer can 
take advantage of the specialised 
knowledge and experience of the 
component manufacturers. The 
fixed resistor has been developed 
over a number of years so that a 
reasonably satisfactory component 
of known performance is available; 
resistors with comparable character- 
istics will be demanded for the new 
techniques. The development and 
technical characteristics of present 
commercial types .of resistor has 
recently been admirably dealt with 
by P. R. Coursey in a paper pre- 
sented to the I.E.E. For our purpose 
the commercial grade resistors can 
be separated into three classes, but 
all three have one feature in common, 
they are invariably cylindrical and 
this does not fit in with flat plate 
circuit constructions. The three 
categories are (a) the solid body or 
carbon film composition types 
generally known as the Grade 2 
resistors, (b) the high stability or 
Grade 1 types in which, either a 
hydro-carbon has been cracked on 
to a ceramic rod leaving a strongly 
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adherent crystalline carbon film, or 
a metallic film has been deposited, 
and (c) the wirewound type which 
is of low resistance and high watt- 
age. The resistance element is in- 
variably a form of carbon or a metal 
or metallic alloy. Other materials 
such as metallic oxides and silicon 
carbide generally show undesirable 
non-ohmic characteristics or a high- 
temperature coefficient and erratic 
performance. In most electronic 
circuits, the Grade 2 carbon resistor 
is generally used, but for more 
critical applications the Grade 1 or 
high stability resistor must be speci- 
fied. Based on many years of 
experience a range of sizes for 
different applications has been 
developed in each series. The 
nominal basis for these sizes is the 
wattage rating, and this in turn 
has been obtained from the tempera- 
ture rise of the resistance element 
when in operation. The permis- 
sible temperature rise of a resistor 
is dependent on the thermal con- 
ductivity and capacitance of the 
materials used in its construction 
and the surface area available for 
cooling. In solid composition resis- 
tors the binding resin sets a limit 
to the operating temperature and 
thus to the wattage rating of the 
resistor; for the cracked carbon 
type, the limit is set by the protec- 
tive lacquer. The low value wire 
wound resistors on ceramic or 
alumina rods with vitreous coating 


can be operated at considerably 
higher temperatures. 

There is an obvious requirement 
for resistors of suitable dimensions 
to fit into the deposited circuit 
techniques, and experience on the 
present types of resistor is being 
used as far as possible in the 
development of the deposited resis- 
tors. Since the resistive element 
is required to be deposited on a flat 
surface and. not on the normal 
cylindrical surface, many new prob- 
Jems are introduced. The ideal 
would be a two dimensional resis- 
tor area deposited directly on to the 
base material of the wiring layout. 
This base material must have a 
surface coating of high resistance 
or must be constructed of insulating 
material; both the bonded thermo 
setting plastic sheets and some 
ceramic materials are being used. 
There are a number of ways of 
planning the circuit using film type 
resistance, and it will be useful to 
survey some of these before discuss- 
ing the resistive material. 


Aspect Ratio 


If the applied coating of film is 
of uniform thickness, structure and 
specific resistivity, then all the 
resistors for the circuit can be 
deposited on the wiring base at the 
same time. The resistance of a 
solid of uniform cross section is 
R = pl/a where p is the resistance 
per unit cube, | is the length and a 
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is the area of the ends. If the film 
is deposited in the form of a square 
then the resistance is ” oe 
txl 

t is the thickness of the film. It 
will be seen that the resistance is 
now p/t, which is independent of 
the lengths of the sides. Thus these 
film resistors are usually compared 
in terms of their value in ohms per 
unit square. In existing cylindrical 
commercial resistances, the cracked 
carbon film type is made in values 
up to about 10,000 ohms per square. 
_Certain proprietary stable film types 
are made in values of several 
megohms per square, while the 
sprayed carbon or graphite and 
resin volume control tracks are 
made in values up to about a 
megohm per unit square. This 
method of comparison is extremely 
useful and enables the size of a film 
resistance to be calculated. Sub- 
stituting C for the constant p/t for 
a given material of uniform thick- 





where 
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ness the resistance of any rect- 
angular area can be calculated from 
the ratio of the lengths of the 
adjacent sides; this has _ been 
termed the Aspect Ratio. Thus, if 
the length is twice the width, the 
resistance is 21/1 x p/t = 2C, i.e., 
twice the ohmic value of the square. 
Conversely if the width is twice the 
length, then 1/21 xp/t = C/2 or 
half the value of the ohms per 
square. Using a resistive material 
of uniform thickness and known 
resistivity, a wide range of values 
can be obtained on either side of 
the resistance per square by apply- 
ing electrodes to the opposite sides 
of rectangles and with sides in 
predetermined ratios as shown in 
Fig. 1. When the ratio required 
causes the one side to be unmanage- 
ably long, the resistor can be com- 
pressed as shown in Fig. 1(d) and 
1(e) by doubling back the area 
upon itself. Thus, using a film of 
100,000 ohms per square, resistors 
of 2 megohms or 5,000 ohms can be 
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obtained from an area with sides in 
the ratio of 20 to 1. The actual 
dimensions can be calculated if the 
required wattage dissipation and 
the allowable temperature rise of 
the base material is known. 

It has been determined by experi- 
ment that a rating of 1 watt per 
square in. is a conservative one 
for synthetic resin paper bonded 
insulating boards. A rating of 4 
watts per square in. is being con- 
sidered for carbon films on ceramic 
sheets and about 8 watts for metal- 
lic films on ceramic plates. These 
ratings of 1, 4 and 8 watts corres- 
pond to 50° C., 100° C. and 200° C. 
rise respectively. 

Charts can be drawn up to enable 
the size and shape of a required 
resistor to be obtained assuming 
uniform thickness and _ structure, 
that is, a constant and known value 
of ohms per square. The charts shown 
in Fig. 2(a) and (b) have been drawn 
for carbon film resistors on phenolic 
bonded sheets allowing for a dissipa- 


Fig. 2 (a). Chart for determining size of rectangular resistance elements 


25r 


B 
pe 


4 
re 
g 


nN 


3 


ae y = 5 
T T 
"3SV8 OMONHd 308 


. 3SV8 JWVEID 30IS 3N0 30 HLONTT 


° 
a 
C 


“05+ 


025} 





0 Se eee 
LENGTH OF ONE SIDE (PHENOLIC BASE) INCHES 


i 1 l i 1 i 


& 1 1 l 


8 0 Rk 6 es 





20 22 24 #26 2& BW 





See 


. 6.3. 3 4° = 
LENGTH OF ONE SIDE (CERAMIC BASE) INCHES 


i 
5 m  @ FT 75 














25 in 
tual 
the 
and 
e of 


peri- 

per 

one 
nded 
of 4 
con- 
amic 
etal- 
‘hese 
rres- 


able 
lired 
ning 
ture, 
ralue 
10Wwn 
rawn 
nolic 
sipa- 





ro ee ee oe 


sul 


5 


ae. 





November, 1949 


Electronic Engineering 














09-0145 0:05 


CERAMIC PHENOLIC 
0-05 O2 T T bs) T T T 
S a 
0:0375 0.15 | hy} 
eS . be 
a , 
0-025 O1 Que», Ee | —~ Fig. 2 (b). Chart 
for higher aspect 
ratios 





re] 









































1 1 Po 1 ae n 
‘ } . 25 275 30 325 35 375 40 425 45 PHENOLIC 
eS 978 so 225 a4 =a +3 
tion of 1 watt per square in. The separately. One application of 


co-ordinates are the lengths of the 
sides in inches; the X axis gives the 
length of one side of a rectangular 
area, and the Y axis gives the 
length of the adjacent side to a 
different scale. Curves showing a 
constant product of # and y (where 
«x and y are the length of the sides) 
are constructed for 0.125, 0.25, 0.5 
and 1 square in; these correspond 
to 4, 4, } and 1 watt respectively. 
Each curve is a rectangular hyper- 
bola, since the equation is zy = C, 
being the wattage rating. On the 
same chart lines of constant ratio 
of x and y are constructed. These 
correspond to a number of rect- 
angles, the sides of which are in a 
given ratio. Having determined the 
value of the ohms per square of the 
deposit and the wattage rating, the 
dimensions of a required resistor 
can be read from the chart. The 
dimensions of a resistor to carry } 
watt, would be found by selecting 
a convenient point-on the straight 
line giving the required aspect 
ratio, which is just above the 0.25 
product curve. Thus, a minimum 
size for each resistor is set by the 
product curve corresponding to .its 
required power handling capacity. 
Fig. 2(b) is part of the same chart 
expanded in the Y direction and 
extended in the X direction. The 
second line of ordinates in each 
figure provide similar charts on a 
basis of 4 watts per square in. for 
ceramic bases. Fig. 3 shows how 
two values of unit square resistance 
can cover the resistance range of 
100 ohms to 1 megohm with a maxi- 
mum ratio of sides of 10 to 1. It 
is possible to design these resistors 
to have low self capacitance by 
making them long and thin with 
the electrodes far apart, but this 
requirement must be _ considered 


these aspect ratio resistors is to coat 
a sheet of insulating material by a 
capillary process, by spraying or by 
cataphoresis with a uniform resis- 
tance film of constant value of ohms 
per square, then to deposit the 
electrodes and inter-connecting con- 
ductors by sprayed metal or other 
suitable process, and finally to 
punch out the unwanted parts of 
the sheet. 


Fractional Electrodes 


It is, of course, important that 
the electrodes connect completely 
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along the required opposite sides of 
the resistance area in: film resistors. 
A change in value would result if 
they did not. The effect of 
shortened electrodes could, how- 
ever, be used to a certain extent 
to adjust the value of resistors 
should they be too low. The actual 
calculation of the resistance when 
the electrodes are a fraction of the 
sides is a laborious process involv- 
ing Conformal Representation. This 
method provides a means of 
representing any element of area 
in a plane by an equivalent area 
in a more convenient plane. Jeans 
in ‘“‘ Electricity and Magnetism ”’ 
refers to some calculations carried 
out by H. F. Moulton in the Pro- 
ceedings of the London Mathmetics 
Society to determine the resistance 
of a square sheet of uniform thick- 
ness with fractional electrodes. The 
solution of the two dimensional 
potential distribution equation 
SV SV 
82’ by’ of 

by conjugate functions where x and 
y are the rectangular co-ordinates, 
provides an expression 


U + iV = $(a + jy) 


where U and V as con- 
stants represent the equipotentials 
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and the lines of force. Use is made 
of this expression when the elec- 
trodes are shorter than the sides. 
Writing U + jV = W and a + jy = 
Z we can transform the field plot to 
an equivalent rectangle. Moulton 
has shown that the solution to this 
is p/t x L’/L where L’/L = 
(sn*mz: —sn*mz:)(sn*mzi — sn*m2z) 
(an*mz: — sn’mz2:)(sn*m2s — sn*mzs) 

and 21, 22, 23 and z are the co- 
ordinates of the electrodes in the 
original Z phase and sn*mz can be 
obtained from Legendre’s Tables of 
Elliptic Functions. In this way 
Moulton calculated the area of a 
square sheet with electrodes equal 
to 1/5 of one side in the following 
cases : 


(1) Electrodes at middle of oppo- 
site side R: = 1.745 R. 


(2) Electrodes at ends of opposite 
side R: = 2.408 R. 


(8) Electrodes at ends of opposite 
sides not facing each other R: = 
2.589 R. 
where R represents the ohmic value 
of the square with electrodes along 
the length of opposite sides and R: 
represent the ohmic value with the 
fractional electrodes. 


By dividing a rectangular area 
into uniform squares and applying 
electrodes in the same ratio as in 
the above examples an approxima- 
tion of the final resistance can be 
obtained by assuming that the in- 
crease in resistance only occurs in 
the squares next to the electrodes. 
Thus an area with sides in the ratio 
of 4:1 with electrodes equal to 1/5 
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of the short side and connected to 
opposite corners of these sides will 
have a resistance of 7 C instead of 
4 C. The value of a deposited film 
resistor’ can thus be adjusted by 
reducing the width of the electrodes 
as shown in Fig. 4. The value of 
K being obtained by calculation or 
experiment on a unit square. This 
method of Fractional Electrodes in- 
creases the current density in the 
neighbourhood of the terminals and 
in some constructions the weakness 
of the junction between the resistor 
and the conductor may cause failure 
at this point if the electrode is 
shortened too far. The wattage 
rating will be reduced to that 
equivalent to the area between the 
electrodes. 

Instead of varying the length 
to width ratio and keeping the re- 
sistivity and thickness constant it is 
possible to keep a constant width 
and vary the distance between elec- 
trodes or to fix a constant ratio of 
sides and increase the area for dif- 
ferent wattages. This means that 
either the specific resistance of the 
material or the thickness of the 
deposit will have to be varied to 
obtain the resistance range cover- 
age. These methods have obvious 
advantages if the resistors are 
separately manufactured. The 
component manufacturer can sup- 
ply resistance elements of uniform 
size regardless of the resistance and 
in this way advantage can be taken 
of the experience of the resistance 
specialist. Furthermore, the self- 
capacitance of the element can be 
made much the same regardless of 
the resistance value. In several 
methods proposed for forming suit- 
able resistive films, it is suggested 
that large sheets of continuous tape 
be printed and these areas cut or 
stamped to form separate resistance 
elements. The separate units 
could be adjusted in value by either 
trimming the width or by using a 
method similar to the spiralling 
used on the familiar cylindrical car- 
bon film resistors. One method 
is illustrated in Fig. 5, but it is 
obvious that this is not as neat a 
method as the spiralling technique. 
Parallel lines are engraved on the 
sheet at an inclined angle to the 
sides, alternate lines being taken to 
alternate sides, each line ending in 
the right-angled line in which the 
next line commences. One way in 
which the method could be carried 
out on cracked carbon sheets would 
be to have the sheet grooved before 
the hydrocarbon is cracked; using a 
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fine grinding wheel, the sheet is 
pushed under the wheel, removing 
the tops of the grooves until the 
required resistance is obtained. 
Since the pitch of the cylindrical 
type of resistor is usually constant, 
a similar effect is obtained by pre- 
grooving. Machines for engraving 
lines in film resistors are being 
developed. The advantages of flat 
plate resistors as separate assembles 
compared with existing cylindrical 
types are not readily apparent, but 
flat resistors could be slipped into 
recesses in moulded deposited cir- 
cuit panels without lowering the 
wattage rating by shielding a por- 
tion of the resistor surface, as would 
occur using a conventional cylindri- 
cal resistor. In order to make good 
electrical contact between the resis- 
tance element and the circuit panel 
it appears that soldering will be 
necessary, In recessed panel this 
could be accomplished by Rk.F. or 
infra-red heating which would en- 
able all the resistance elements to 
be soldered in one operation. The 
ends of the resistance elements and 
the contact surface of the recess 
would be tinned or silvered and a 
small pellet of solder allowed to run 
between the contacting surfaces, a 
roller being used to press the ele- 
ment home. Such a method should 
be possible with ceramic plate resis- 
tors, but with synthetic resin board 
units it may be necessary to pro- 
vide an eyelet in the silvered elec- 
trodes of the resistance element. 

When resistance films are de- 
posited directly on to the printed 
wiring layout by painting, spraying 
or printing processes it has been 
observed that any failures invari- 
ably commence at the terminals. 
This is due to the formation of a 
thinner resistance film at the junc- 
tion resulting in an_ increased 
current density at this point in 
operation. This thinning of the 
resistance film is brought about by 
the finite step due to the thickness 
of the conductor forming’ the 
terminal. This weakness can be 
offset by paying special regard to 
the terminals, but it has been found 
that if the resistor can be deposited 
first and the electrodes deposited 
over the resistor ends, a more reli- 
able termination is obtained. 


Materials for Film Resistors 


As in conventional resistor manu- 
facture, two classes of materials 
have been used in film resistor lay- 
outs. These materials are, as pre- 
viously stated, carbon and metals 
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or metallic alloys. So far little 
success has been achieved with other 
materials because they have non- 
linear characteristics. As far as 
metals are concerned, the specific 
resistance of the mass metal is too 
low for the high values of resistance 
to be obtained in the small area 
available; but the thin metal films 
do appear attractive. It is known 
that when the thickness is de- 
creased to the order of critical 
mean free path of the electron then 
the specific resistance increases con- 
siderably; an empirical equation 
suggested by Planck to account for 
this, was: 


aan ees 
Yo a D 


where p is the resistivity of the mass 
metal, D is the thickness of the film, 
po is the resistivity of the film and 
A is a constant dependent on 
the metal. It has recently been 
suggested that when the thickness 
of the film is a small multiple or 
sub-multiple of the length of the 
mean free path of the electrons, the 
number of electronic collisions will 
be increased and the classical ex- 
pressions for resistivity and conduc- 
tivity should be _ accordingly 
modified. The above expression 
now becomes 
4l 
Pp =p. ( L+ at 

where | is the length of the mean 
free path. This dimension is sub- 
ject to considerable variation with 
small changes in temperature and 
the expression for the resistivity of 
the film must take this into account. 
There is evidence to support the 
view, however, that this change in 
specific resistance of these very thin 
films is due to imperfection in the 
film and that perfect films would 
most likely have the resistivity of 
the mass metal. The electrical pro- 
perties of thin metal films have 
been investigated for many years, 
and although these atomic films 
can be produced by various 
methods, such as sputtering and 
evaporation, the resulting films 
are usually unstable. This _ is 
apparently due to the migration 
and aggregation of the atoms. 
There is a tendency for the films to 
become thick in some places at the 
expense of other parts of the film, 
as crystals form from an original 
amorphous state. Such thin films 
appear to have several changes of 
state after their deposition and these 
changes have been observed. with 
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Fig. 5. Flat plate 
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the electron microscope. The rate 
at which the film passes through 
these transitional stages depends 
principally on the method of form- 
ing the initial film. By careful 
control of these stages, stable films 
have been prepared with high resis- 
tivities, Up to the present the only 
metallic film resistors in commercial 
production are of palladium, the 
thickness is considerably greater 
than the mean free path of the elec- 
tron, so that the resistivity is that 
of the mass metal. Since this resis- 
tivity is 350 times less than that of 
carbon, it will be seen that a wide 
range of resistance is not possible 
without some method of introduc- 
ing a gain factor similar to spiral- 
ling. Bismuth, which has a specific 
resistivity only 20 times less than 
that of carbon, appears promising, 
but the deposition of alloys would 
be even more advantageous. These 
thicker films should prove quite 
stable and if the production difficul- 
ties are overcome they should re- 
place the wire wound type for 
deposited circuits. That is, they 
will be on ceramic or aluminal 
lamine and be in the high wattage, 
low resistance class. 
For the other resistor applications 
carbon, in one form or another, 
satisfies most of the requirements— 
annoyingly well, it has been said. 
Among the amorphous forms of 
carbon, used for deposited circuits, 
are lamp black or acetylene black 
and gas carbon, with graphite and 
pyrolitic carbon as the crystalline 
forms. The most convenient form 
of carbon for printing is the col- 
loidal graphite prepared by the 
Acheson process from sand and 
petroleum coke. The colloidal sus- 
pension is obtained by defloccula- 


tion in water containing tannin, 


hence the trade name of the 
product ‘“‘dag” (deflocculated 
graphite). The suspension in water 


is known as Aqua dag; the colloidal 
graphite is obtainable as a disper- 
sion in most solvents. Carbon 
black has been used as the principal 
element in the mixes for volume 
controls and variable film resis- 
tances and this has been mixed with 
other carbons, including graphite, to 
obtain the range of values required. 
The principal disadvantage of car- 
bon black is its poor voltage and 
temperature coefficient and _its 
noisy operation. These effects are 
due to the surface impurities—the 
gas absorbed on the surface ex- 
pands with rise in temperature 
causing a poor temperature co- 
efficient and breaks down under 
voltage stress, giving a poor volt- 
age coefficient. The noisy opera- 
tion is very likely caused by the 
poor molecular contact and conse- 
quent internal sparking. Since 
graphite is obtainable already dis- 
persed in almost any solvent, it is 
relatively easy to combine the 
graphite with a resin appropriate to 
the solvent or to choose a synthetic 
resin with the required properties 


for use with the corresponding 
graphite loaded solvent. The 
graphite lattice consists of flat 


hexagonal rings of carbon atoms 
arranged in equidistant layers so 
that the atoms in alternate layers 
are in alternate positions in the 
hexagon. This causes a weakness 
in the structure since the fourth 
valency of each carbon atom is 
directed at an atom in the plane 
above or in the plane below at a 
greater distance than the three 
other atoms in the same plane. 








Thus there is a ready cleavage of 
graphite in the direction of the 
plane of the hexagons. The col- 
loidal nature of the graphite assists 
the flat particles or planes to lie 
like slates on the base to which they 
are applied. For both graphite and 
carbon black films considerable care 
is required in preparing the carbon 
and synthetic resin mixture to 
obtain reproducible results. The 
binding resin must be chosen so 
that the polymerisation tempera- 
ture is not too high for the base 
material and yet the resin must set 
hard but be flexible. It must 
adhere well to the base material 
and have similar thermal charac- 
teristics to this base material 
The required value of ohms per 
square of the deposit is obtained by 
varying the ratio of the amount of 
synthetic resin to the amount of 
carbon material. The solvent is, of 
course, driven-off by heat treat- 
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ment, preferably by infra-red lamps 
which enable a sufficiently high 
temperature to be reached in the 
resin without overheating the base 
material. As the solvent leaves the 
binder, it will leave tiny capillaries 
in the mass, through which mois- 
ture can penetrate in due course 
with a disastrous effect on the value 
of the resistance. These capillaries 
can be reduced in number by coat- 
ing the mixture, while still warm 
from polymerisation, with a coat of 
suitable varnish. Unfortunately 
this also changes the value of the 
resistance, but thereafter the resis- 
tance is usually stable at least over 
short periods under normal con- 
ditions. As in normal resistor pro- 
duction, it is essential that each 
sample is checked after deposition. 

A little has already been said in 
this article about the use of the so- 
called pyrolitic films of carbon on 
ceramic bases. The technique has 
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been adequately discussed elsewhere 
and the main requirement is for 
ceramic techniques to produce bases 
in suitable shapes. The cracking 
technique has been developed con- 
siderably more in Europe than in 
the U.S.A. and it is considered that 
this approach offers the best solu- 
tion to the problem of resistors for 
deposited circuit techniques. 

The properties of film resistors 
developed in the U.S.A. have been 
discussed at some length in recent 
National Bureau of Standards 
publications. Considerable _ statis- 
tical evidence is being obtained 
regarding the characteristics of 
similar resistors developed in this 
country and this will be published in 
due course. 

The author wishes to thank the 
Chief Scientist, Ministry of Supply, 
for permission to publish this 
article. 





Thermistor Continuous Temperature Control 
for Biological Research 


By C. J. DICKINSON, B.A., B.Sc. * 











Fig. 1. Schematic 
of the thermistor 
temperature con- 
trol system. The 
basic similarity to 
the circuit de- 
scribed by 
Andrew in Elec- 
tronic Engineering, 
September 1947, 
will be observed 
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USEFUL application of the 

thermistor’ in biological re- 
search was described recently,’ 
which inspired a further elabora- 
tion of this method for a specific 
purpose. This was to maintain at 
38° C. + 0.1° C. a metal chamber 
measuring internally 8 in. by 8 in. 
by 4 in., while the conduction rate 
of a small mammalian nerve was 
being measured. Not only was 
fairly accurate temperature control 
necessary, because of the high tem- 
perature coefficient of conduction 
rate, but it was also desirable that 
the apparatus should not interfere 
with the high gain amplifier used 
for displaying a compound action 
potential, with a maximum voltage 
swing of only 50 microvolts. An 
alternative would have been to 
switch off the whole heating 
system while taking photographic 
records, but this would have been 
troublesome, since many readings 
had to be taken; and it was found 
that a very simple circuit fulfilled 
both requirements. Fig. 1 shows 
the essential circuit details. 

The initial bridge stage, incorporat- 
ing a Type F thermistor (Standard 
Telephones & Cables, Ltd.) and the 
p.c. amplifier stage are exactly the 
same as those in Reference 2, except 
that the valve is battery biased (by 
a 2 volt accumulator) in the cathode 
circuit, to achieve maximum theo- 
retical gain. To avoid the danger 
of pick-up from sparking relay 
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contacts, and from sudden current 
surges, the auxiliary heater, sup- 
plying 7-20 watts, was placed in the 
anode circuit of a power valve, D.c. 
coupled by a constant voltage drop 
neon to the previous amplifier 
stage. The power valve _ also 
functioned as an_ amplifier, so 
that the gain of the whole 
assembly was high. The use 
of an a.c. bridge and amplifier, 
though simpler still, would have 
introduced too much _ interference; 
and instead, a smoothed p.c. supply 
of 500 volts was used for the whole 
apparatus. 

The p.c. supply for the bridge 
was taken from the rectified and 
smoothed heater supply, which 
compensated slightly for mains 
voltage fluctuations. These fluctua- 
tions were also minimised by feed- 
ing the supply transformer from a 
constant voltage transformer. In 
fact, probably an input voltage 
stabilised power supply would be 
desirable for greater accuracy. 
The operating temperature was set 
by means of R4, and the variable 
anode load of V1 was adjusted so 
that the neon remained “ struck ”’ 
throughout the operating range. 
A milliammeter in the anode circuit 
of Vi registered temperature 
directly, but it had to be empiri- 


E 


cally calibrated for any particular 
setting of #4. Since the input and 
output leads were for convenience 
in one screened cable, there was 
positive feedback, and the system 
sometimes oscillated. This ten- 
dency was prevented by inserting a 
capacitor across the heater. 

The chamber itself was heated 
from below by the method already 
described, and also by a main 
heater which supplied 30 watts con- 
tinuously. The gas in the box was 
stirred by the passage of a fairly 
rapid stream of the necessary com- 
position (95 per cent oxygen and 
5 per cent carbon dioxide) from a 
cylinder. A layer of water over 
the whole floor of the chamber en- 
sured saturation of the gas with 
water vapour. 

Not unnaturally, control is better 
at the centre of the chamber. The 
continuous line indicating tempera- 
ture close to the incoming gas 
(Fig. 2) was subject to slightly 
greater fluctuations, and was, for 
the most part, below that else- 
where in the chamber. Fine degrees 
of control are not indicated in this 
prolonged test run, in which cor- 
responding slow  finctuations of 
heater current and chamber tem- 
perature are roughly in the same 
phase. They are probably due to 
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the inherent limitation of accuracy 
of a circuit depending on a con- 
stant voltage drop neon, and on a 
steady mains supply. Fig. 3 shows 
the effect, on a 2 minute time scale, 
of raising the glass lid of the 
chamber for 30 seconds. Recovery 
is remarkably efficient, and is com- 
plete within ten minutes, or less. 
In practice, necessary adjustments 
can be made by raising the lid for 
only a few seconds. The thermal 
inertia of the control system is far 
smaller than that of the mercury 
thermometer, and five seconds after 
raising the lid, the power valve is 
taking: maximum current. The con- 
tinuous control, instead of the ‘* on- 
off’’ type minimises “ hunting,”’ 
which might otherwise be trouble 
some in a heater system which is 
necessarily rather slow in_ trans- 
mitting its fluctuations to the 
gaseous medium inside the chamber. 
The heater must be below the floor, 
and it must exert its effect through 
a thin layer of water. In practice, 
there is small degree of ‘ hunting,” 
or overswing, which can be seen in 
Fig. 3, but it is within the permis- 
sible temperature range. 
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Salvaging Electrically Twinned Quartz 


By J. L. RYCROFT, B.Sc.* and L. A. THOMAS, B.Sc.* 


UARTZ, the beautifully clear 

rock crystal, fashionable for 
jewellery and ornaments in the 
Victorian era, has during the 
present centyry found an applica- 
tion of the greatest strategic and 
commercial importance. In_ all 
branches of telecommunications, the 
need for highly accurate frequency 
control has only been met satisfac- 
torily by the use of piezoelectric 
oscillator plates. 


The quartz vibrator, first put to 
practical use during the First World 
War, became a vital component 
during the Second World War, and 
a quartz crystal industry grew up, 
producing in Great Britain alone 
over a million crystals a year by 
1945. The problems created by this 
expansion were two-fold. On the 
technological side a full description 
has been published’ of how the in- 
dustry developed with an _ ever- 
increasing efficiency of fabrication 
of the quartz plates, off-set against 
continually growing stringency in 
final stability requirements. The 
other aspect, and a critical one, was 
the raw material supply. 


Natural quartz crystals of the 
size and freedom from imperfection 
essential for piezoelectric use are 
obtained almost entirely from 
Brazil. This restriction of source 
presented a grave problem during 
the war because of shipping diffi- 
culties, and the problem has been 
carried over into peace-time because 
of the need to conserve hard 
currency. Moreover, high grade 
quartz is an expensive commodity 
costing approximately £15 a kilo, 
and only about 10 per cent of the 
raw material appears in the final 
plate. It will be apparent that any 
means of economising in consump- 
tion of raw material is of the high- 
est importance. 


Stimulated by these factors, two 
parallel programmes of research 
were started late in 1942. One of 
them was the preparation of syn- 
thetic quartz as an alternative to 
the natural mineral, and the other 





* Research Laboratories ‘of the General Electric 
Co., Ltd., Wembley, England. 


was the search for an ‘“‘untwinning”’ 
process to enable the considerable 
proportion of Brazilian quartz which 
is rejected on account of electrical 
twinning to be salvaged Only the 
untwinning work’ is to be described 
here, but first it is necessary to out- 
line the various faults which com- 
monly occur in natural quartz and 
to give sufficient details of quartz 
technology so that the significance 
of the results obtained can be 
appreciated. 


Imperfection and Twinning in Quartz 


Visual Imperfections. 

The single crystals or stones of 
quartz received from Brazil vary in 
size from one or two hundred grams 
to several kilograms. A _ typical 
crystal might be some 10 cm. long 
by 6 cm. thick and weighing about 
750 gm. It would usually be 
colourless and clear and either have 
well developed faces or, more com- 
monly nowadays, a fractured or 
water-worn unfaceted exterior. 
Possible visible faults are inclusions, 
veiling, ghost crystals, cracking and 
discoloration. While the latter 
fault is by itself unimportant, the 
other faults mentioned are associa- 
ted with impurities or mechanical 
weaknesses which must be avoided 
in cutting up the quartz stone. 
Among the more subtle effects, 
which are not usually shown up by 
simple visual inspection, twinning 
is the most important. 


Twinning. 

Idealised drawings of normal 
single-crystalline quartz and _ the 
two common types of twinning are 
shown in Figure 1. 

The normal stone is a hexagonal 
prism with pyramidal terminations. 
The prism faces are labelled im 


faces and the pyramidal faces 
alternately R and rr. Crystallo 
graphically and_piezoelectrically, 


the properties of the R and r faces 
are markedly different so that the 
vertical optic or Z-axis of the 
crystal is a trigonal and not a 
hexagonal axis. Perpendicular to the 
Z-axis are three diad X-axes inclined 
at 120° to each other (only one of 
these axes is shown). For con- 
venience, a third non-crystallo- 
graphic axis, the Y or mechanical 
axis, is chosen to complete a set of 
orthogonal axes with the Z-axis and 
one of the X-axes. Quartz is opti- 
cally active and thus there are two 
mirror-image forms of quartz 
depending on the direction in which 
plane polarised light is rotated when 
it passes through the _ crystal 
parallel to the optic axis. In the 
rare examples of natural quartz 
showing the minor 2 faces, this face 
x occurs at the bottom left or the 
bottom right corner of an R face 
according to whether the quartz is 
left- or right-handed. Thus the 
example shown is a_ left-handed 
crystal. 

The electrically twinned stone 
shows the superposition of r faces 





Fig. 1. Idealised 
drawings of nor- 
mal single- crys- 
talline quartz 
(left) and the two 
common types of 
twinning. Centre: 
Dauphine twin 
(electrical). Right : 
Brazilian twin 
(optical) 
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on R faces (faces underlined in the 
diagrams are derived from the twin 
orientation) and corresponds to a 
180° rotation of the quartz structure 
in the twinned region with respect 
to the normal stone orientation. 
Because the electric axes in the 
twinned and normal regions are in 
opposition, plates cut from such a 
stone would have their piezoelectric 
effect reduced to greater or less 
extent depending en the relative 
proportions of the two polarities. 
Also, electrically twinned plates are 
in general elastically inhomogeneous 
with the accompaniment of svurious 
frequency responses and _ severe 
damping of the resonant vibrations. 
In practice, therefore, electrically 
twinned quartz is reject material. 

The opposed electrical polarities 
are also a feature of the optically 
twinned stone illustrated. Here 
left- and right-handed quartz co- 

exist, giving the mixed polarity, but 
the R and r faces are distinct. Thus 
optically twinned material is elasti- 
cally homogeneous but it is still 
rejected on the score of piezoelectric 
inefficiency. 

Natural stones are, however, 
hardly ever sufficiently well faceted 
for twinning to show up visually. 
The highly idealised diagrams of 
Fig. 1 also correspond in practice to 
closely interpenetrant twinning with 
irregular boundaries, such as are 
shown in the later figures. Optical 
twinning can be revealed by optical 
examination in plane polarised light 
which can readily be carried out in 
the original stone by total immer- 
sion in a liquid of matching refrac- 
tive index. On the other hand, in- 
spection for electrical twinning is 
most conveniently carried out by 
etching slices or plates cut from the 
stone in a hydrofluoric acid solution 
of 20-25 per cent strength. The re- 
sulting etch patterns show up clearly 
any electrical twin boundaries; 
optical twinning is also shown, but 
this is readily distinguishable by 
experienced quartz technicians. 


Practical Cuts in Quartz 


The plates for oscillator use are 
cut from the quartz stone in definite 
directions and, with few exceptions, 
they can be divided into two groups, 
the rotated Y-cut group and the 
rotated X-cut group. The former 
group comprises the Y-cut itself, 
now obsolete, and cuts designated 
by the accepted lettering AT, BT, 
CT etc., which are derived from the 
Y-cut by rotation of the plate about 
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Fig. 2. Various quartz crystal cuts used for 
oscillator plates 
the X-axis. Similarly the X-cut is 


the parent member of the second 
group, although in this instance the 
family of cuts is chtained by rota- 
tion of the X-cut plate in its own 
plane. In particular the BT and 
AT cuts are used for the majority 
of high frequency oscillator plates, 
and plates from the X-cut family are 
largely used for crystal filters. 
Examples of the various cuts are 
shown in Fig. 2 in relation to a ver- 
tical cross-section taken through the 
crystal. It should be noted that the 
AT and BT cuts tend very roughly 
to parallelism with the r and R 
crystal faces respectively. 


Using diamond saws, the stone is 
cut into quartz slices having the 
required crystallographic orienta- 
tion, as checked by X-ray diffrac- 
tion methods. These slices are 
subsequently cut into plates or bars 
and taken down to the required sur- 
face finish and dimensions by a 
carefully graduated lapping pro- 
cedure. A final adjustment is made 
by using direct frequency measure- 
ment. Any process of untwinning 
is most usefully applied at the slice 
stage, because inspection at this 
stage is readily carried out and also 
the slices are less susceptible to 
thermal shock than are the original 
stones. 


The Possibility of Untwinning Quartz 


When quartz is heated to above 
578° C. it changes from low tempera- 
ture %-quartz to high temperature 
8-quartz. With simple precautions, 
this transformation can be carried 


4\1 


out on a plate or bar of quartz with- 
out fracture or loss of shape. Because 
8-quartz possesses hexagonal sym- 
metry, the X-axes cease to be polar 
axes and consequently quartz which 
is electrically twinned below the 
a-8 transformation temperature be- 
comes single crystalline above this 
temperature. The original approach 
to the problem of removing elec- 
trical twinning was to influence the 
quartz plate during cooling from a 
temperature above 573° C. so that 
it remained single-crystalline instead 
of reverting to a twinned state. 
Possible methods of achieving the 
necessary preference for the single- 
crystalline form included the use of 
an external electric field and 
mechanically or thermally applied- 
stresses. 


The atoms of quartz are held 
together in such a way that the 
changeover from one polarity of 
quartz to the other polarity, still 
having the same optical sense, can 
take place without the necessity of 
breaking any strong interatomic 
bonds. Thus there was no funda- 
mental objection from the structural, 
aspect to the removal of electrical 
twinning, provided a _ workable 
method could be found. In contrast, 
with optically twinned material the 
change from the left- to right- 
handed forms involves a complete 
re-arrangement of the atom group- 
ings, and the sense of optical 
activity is unaltered by the 4-8 
transformation. For these reasons 
it is almost certain that the re- 
moval of optical twinning is im- 
possible. Consequently all the 
efforts of the research programme 
were concentrated on the salvaging 
of electrically twinned material. 
This alone would be worth while, 
especially if a grave shortage of 
quartz developed. 


Early Experiments 


The movement of electrical twin 
boundaries during thermal ~-or 
mechanical treatment being com- 
paratively well-known, the object 
of the early experiments was to find 
means of controlling this movement 
so that usable material resulted. 
Complete removal of twinning, that 
is, the production of a single 
crystal, was the ideal; but twins 
having a regular form could also be 
used, either by cutting the specimen 
into single-crystalline individuals 
or for certain special vibrator 
plates where an essential feature, 
was the opposed polarities. This 
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property would’ normally — be 
obtained by _ special electrode 
arrangements on a single crystal. 
Broadly speaking, the early experi- 
ments tended to produce twin dis- 
tributions which in certain instances 
were highly regular and_ repro- 
ducible, but they were unsuccessful 
in removing twinning altogether. 


The experimental procedure was 
much the same whatever method 
was used. Quite small plates or bars 
(say, 50 x 10 x 5 mm.) were cut in 
definite crystallographic directions 
from electrically twinned quartz. 
These bars were etched in hydro- 
fluoric acid and the resultant twin 
patterns photographed. They were 
then subjected to the thermal pro- 
cess, with the applied stress appro- 
priate to the experiment, running 
up slowly to a temperature well in 
excess of 573° C., followed by slow 
cooling to room temperature. After 
removing the original twin patterns 
by lapping with fine abrasive, the 
bars were then re-etched and the 
final twin patterns recorded photo- 
graphically. 

The various methods tried in- 
cluded the use of externally applied 
compressional stress, thermal stress 
resulting from a _ temperature 
gradient and bending by 3- and 4- 
edge presses. Very little work was 
carried out using external electrical 
fields because of practical difficulties 


and the more hopeful _ results 
obtained by simpler means. It 
should, however, be remembered 


that mechanical stresses are accom- 
panied by electrical fields as a 
result of the piezoelectric behaviour 
of quartz. This early work will not 
be described in detail, but the tem- 
perature gradient method will he 
given as an example. 


An apparatus was constructed for 
holding a bar-shaped specimen in the 
muffle furnace so that, by the use 
of an auxiliary heater, a tempera- 
ture gradient of a few degrees was 
maintained down the length of the 
bar. Under these conditions the 
result of the thermal cycle was to 
change the random twinning of the 
untreated bar into a reproducible 
twin pattern characteristic of the 
crystallographic orientation of the 
bar. The practical example 
sketched in Fig. 3 is tvpical of Z-X 
bars, that is, bars cut normal to 
the Z-axis with their length parallel 
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Fig. 3. Twin pattern” resulting from 
temperature gradient along Z-X bar 
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Fig. 4. Regular twins formed by temperature 
gradient 


to the X-axis. Idealised diagrams 
of the pattern for this orientation 
and for Z-Y bars are shown in 
Figs. 4(a) and (b) respectively. The 
shaded areas indicating the reversed 
polarity of the twinned portions. 
Fig. 4(c) shows how an X-cut plate, 
cut from the cross section of a 
regular twin of the Z-X type, can 
be used to produce a face flexural 
vibration with a normal electrode 
arrangement, whereas with a single- 
crystalline X-cut plate, divided elec- 
trodes would be necessary. Regular 
twins have been-used successfully in 
this way as low frequency oscillator 
plates. 


The Torque Method 


The turning point in the early 
work was the discovery of the 
torque method. Largely as a result 
of piezoelectric considerations, the 
application of an external torsional 
stress to a twinned R-cut plate was 
tried. The plate was mounted in a 
simple jig holding one end of the 
plate in a fixed clamp. The other 
end was held in a pivoted clamp 
loaded by a lever arm so that the 
plate was twisted about its length. 
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The lever arm, being gravity 
operated, was unaffected by tem- 
perature and the torsional stress 
could easily be adjusted by the use 
of a movable weight on the lever. 
After the usual thermal cycle the 
R-cut plate was rendered, for all 
practical purposes, single-crystal- 
line. 


From this early experiment has 
developed the process for salvaging 
electrically twinned quartz now 
preferred. It has been found un- 
necessary to take the thermal 
cycle above the nominal transfor- 
mation point at 573° C. and a maxi- 
mum temperature of about 400° C. 
is equally effective. Apart from 
details of technique and _ results 
which are described below, the 
torque method is similar to the 
others in that it is dependent on the 
orientation of the plate. In general 
the method can be applied success- 
fully to all plates of the rotated 
Y-cut class excepting the Y-cut 
itself and the Z-cut, (within a few 
degrees of these two excepted cuts 
there is a substantial decrease in 
effectiveness). Unfortunately the 
method is not applicable to X-cut 
plates and there has been little 
experience of its application to 
other cuts of the rotated X-cut 
family although successful results 
have been obtained in a few isolated 
instances. Briefly, therefore, 
oscillator plates such as AT, BT, 
CT are readily treated but the pro- 


‘cess has not yet found practical 


application to X-cut filter plates. 


In an electrically twinned plate 
of the rotated Y-cut class there are 
two crystallographic orientations 
present which make equal angles on 
opposite sides of the Z-axis. That 
is, one orientation is on the R-cut 
side of the Z-axis and the other is 
on the r-cut side of this axis. If 
we term these orientations the 
normal and the supplementary cuts 
we can state two working rules. 


1. Plates having their lengths 
parallel to the X-axis untwin so 
that the final orientation lies on the 
R-cut side. Thus a twinned BT 
plate after treatment becomes a 
single-crystalline BT-cut, while 
treatment of an AT plate vields the 
supplementary AT-cut. 


2. Plates having their lengths in- 
clined at 45° to the X-axis (that is 
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by a rotation of the normal cut in 
its own plane) untwin so that the 
final orientation lies on the r-cut; 
side. In this instance a twinned 
AT-45° X plate becomes a single- 
crystalline AT-45° X plate after 
treatment. 


These two rules are illustrated in 
Fig. 5. From a practical stund- 
point it is the normal cut that is 
described. Hence to produce twin 
free BT plates the starting material 
may be either BT or (BT) (the 
parentheses indicate a supplemen- 
tary cut), the length being parallel 
to the X-axis. On the other hand, 
to produce AT plates the starting 
material must be AT-45° X or (AT)- 
45° X. Note the further advantage 
that in the original cutting of the 
plates from the quartz stone there 
is no need to distinguish between 
the normal and supplementary cuts 


Fig. 5 (above). The 
torque method 
applied to the 
rotated Y-cut 
family 


Fig. 6 (right). 
Torsion appar- 
atus suitable for 
the heat treat- 
ment of quartz 
plates on a small 
production scale 
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since the untwinning process takes 
care of this point. 


Technique of Untwinning by the 
Torque Method gj 


Fig. 6 shows the equipment 
designed for treating quartz plates 
in pairs. The plates normally used 
have the dimensions 60 » 30 x 4 
mm. but the apparatus is adjustable 
to cover variations in length from 
30 to 75 mm. and widths from 10 to 
30mm. Two of the grooved holders, 
arranged to support the quartz 
plates, are fixed while the others 
are mounted on the ends of short 
rods of nickel chrome steel which 
are free to rotate in cast iron bear- 
ings. Weighted arms attached to 
these rods apply steady torques 
about axes through the centres of 
the two plates parallel to their 
lengths. When the plates are 
mounted in the apparatus, thin mica 
strips are used as packing between 
the sides of the grooved holders and 
the faces of the quartz. These strips 
do not appear to be essential for 
the success of the process but they 
help to distribute the mechanical 
load over the surface of the plates. 


The whole equipment, loaded with 
quartz plates, is placed in a furnace 
which is then heated to a tempera 
ture of 400° C. in about 2 hours and 
subsequently cooled until the plates 
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can be conveniently handled. It 
has been found important to main- 
tain the temperature in the region 
of the quartz plates uniform within 
sc, Excessive temperature 
gradients appear to reduce the effec- 
tiveness of the untwinning process 
while the incidence of breakage is 
also increased when precautions to 
reduce temperature differences in 
the furnace are not taken. For 


practical purposes the furnaces 
should be constructed with light- 
weight heat insulation and 


arranged with programme thermal 
controls to give the required rates 
of heating and cooling automatic- 
ally. 


Results of the Treatment of Quartz 
Plates 


Experiments have been made to 
determine the conditions of tem- 
perature and torque required for the 
substantial removal of electrical 
twinning from BT-X cut plates. Fig. 
7 shows the preferred conditions for 
untwinning 60 x 30 x 4mm. plates, 
in graphical form as a shaded zone 
bounded by straight lines drawn 
through experimental points with 
temperature measured in degrees 
centigrade as abscissae and applied 
torque in kilogram-centimetres as 
ordinates. Under conditions of tem- 
perature and torque represented by 
points in the area below the lower 
boundary of the shaded zone, the 
effect of untwinning is appreciably 


reduced and the result of a single 
heat treatment wouid not normally 
produce sufficient movement of the 
twin boundaries to untwin_ the 
plate. For conditions above the 
upper limit of the shaded zone, a 
plate heated to a particular tem- 
perature under the torsional stress 
indicated would he expected to 
crack or break during the process. 
The conditions for untwinning 
quartz plates cut with orientations 


Fig. 8. Examples 
showing the 
effect of single 
heat treatments 
on BT-X cut 
quartz plates at a 
temperature of 
400° C. and an 
applied torque of 
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such as AT-45°X, BT-45°X- and 
AT-X have not been found to differ 
significantly from those for BT-X 
cut plates. 

In the case of BT-X cut plates, 
30 mm. wide and 4 mm. thick, it 
was found that for a given tempera- 
ture the torque necessary for the 
removal of the twin boundaries was 
independent of the length of the 
plate, within the limits of length 
30-75 mm. covered by the experi- 
ments. Fig. § shows a photograph 
of a BT-X cut quartz plate 45 mm. 
in length before and after single 
heat treatment to a temperature of 
about 400° C. with an applied 
torque of 22 Kg. cm. 


For plates 60 mm. long and 4 mm. 
thick the torsional stress required 
to clear the plate was found to be 
directly proportional to the width of 
the plate for variation in this 
dimension from 10 to 30 mm. 


The dependence of the torque re- 
quired for untwinning at a given 
temperature on plate dimensions 
may therefore be summarised as 
follows :— 


(i) the torque is independent of 
the length of the plate 





22 Kg-cm. 
(a) 75x3x4. 
(Top Left) 
(b) 60x 30x4mm. 
(Top Right) 
(c) 45x 30x4 mm. 
(Bottom Left) 
(d) 30x30x4mm. 
(Bottom Right) 


Fig. 10. Photo- 
graphs showing 
initial twin pat- 
terns and e- 
veloped 
structure on 
BT-X cut plate 
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Fig. 9. 


(a) 60x30x4 mm. 
(b) 50x30x4 mm. (410° 
(c) 60x30x4 mm. 
(d) 60x30x4 mm. 


(ii) the torque is proportional to 
the breadth of the plate 

(iii) the dependence of torque on 
thickness has not yet been 
established over _ sufficient 
range to give more than a 
working rule that the untwin- 
ning torque is proportional to 
the thickness raised to the 
power 8/2. 


Fig. 9 illustrates the applications 
of the untwinning process to 
twinned quartz plates with orien- 
tations BT-X, AT-X, BT-45°X and. 
AT-45°X, the conditions of tem- 
perature and. torque being stated. 
Experience with other cuts of the 
rotated Y-cut class is comparatively 
small but experiments have shown 
that CT, DT, ET, FT, and GT cuts 
can be treated successfully using the 
technique described. 


The experimental work on un- 
twinning by the torque method has 
been followed by production trials, 
mainly on BT and AT plates. The 
majority of the plates were success- 


fully untwinned, as shown by the 
etch patterns observed before and 
after treatment. A representative 
sample of untwinned material has 
also been fabricated into oscillator 
plates which gave a performance in 
no way inferior to control plates cut 


from natural single crystalline 
quartz. 
A number of plates however 


showed anomalous behaviour, and 
although the percentage of these in 
the trials was not excessive, the 
proportion which fail to respond to 
untwinning treatment, when large 
consignments of raw material are 
handled, may be as high as 10-20 
per cent. Evidence was _ also 
obtained which showed that quartz 
plates cut from one parent crystal, 
or at least from the same part of 
the crystal are similar in their res- 
ponse to the untwinning treatment. 
Plates which show residual areas of 
twinning after treatment, may 
often be traced to a_ particular 
parent crystal and alternatively if 
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Illustrating the application of the untwinning process to quartz plates of various orientations 


(430° C., 22Kg-cm.) twinned BT-X cleared to BT-X 

C., 18.3 Kg-cm.) twinned AT-45° X cleared to AT-45° X 
(410° C., 22 Kg-cm.) twinned BT-45° X cleared to (BT)-45° X 
(500° C., 22 Kg-cm.) twinned AT-X cleared to (AT)-X 


a plate is successfully untwinned 
after a single treatment, others cut 
from the same crystal will also res- 
pond to the untwinning process. 

It was also observed that quartz 
plates which do not readily untwin 
by heat treatment under torsional 
stress frequently show residual 
areas of twinning having a charac- 
teristic ‘ comb ’ structure, a typical 
example of which is shown in Fig. 
10. 


X-ray techniques have _ been 
applied to the examination of some 
of the quartz plates which have 
developed these ‘ comb’ structures. 
The observations made indicate 
that the untwinning process is 
affected by the presence of impuri- 
ties or anomalies in the structure 
of the quartz which are closely re- 
lated to the growth history of the 
natural crystal. 
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Capacitance Measurement with an A.C. Voltmeter 


N Ezectronic ENGINEERING for 

November 1946 an article was 
published entitled ‘‘ Capacity Nomo- 
gram for use with Avometer Type 
D.”’ It describes the measurement of 
capacitance by means of an A.c. 
voltmeter connected in series with a 
capacitor Cx under test, across the 
A.C. mains supply. A nomogram was 
given for one range of the meter 
named, but the method is generally 
applicable and the present article 
shows how the nomogram for any 
voltmeter may be scaled from a 
graphical construction when the ex- 
perimental method is precluded by 
absence of suitable standard capaci- 
tors. 

The object is to correlate a chosen 
set of capacitance values with the 
appropriate points on the voltmeter 
scale. Let C be one such chosen 
value, expressed in Farads for which 
the voltmeter reading E2 has to be 
found. E1 is the corresponding volt- 
age across the capacitor. The angle 
AFB (in Fig. 1) will be almost 90° 
since a good voltmeter will have a 
low proportion of inductance and the 
capacitor should not involve power 
loss. 

Vectorially E1+ E2=E, the mains 
voltage, 

Now El = I/27/fC 

and E2 = IR 
where I is the current through the 
meter and capacitor, f is the mains 
frequency and R is the resistance of 
the voltmeter for the range used. 
From the diagram 

tan o = E2/E1 = 27fCR (3) 
and BG = E tan = 27fCRE ... (4) 


A scale diagram can now be pro- 
duced by drawing a semi-circle with 
the mains voltage as diameter BA, 
to which BG and AD are perpendi- 
cular, G from Equation (4) being 
associated with capacitor C. By join- 
ing GA the length BF will represent 
the voltmeter reading to the same 
scale as AB. 

Thus the axis BG may be sub- 
divided in proportion for smaller 
capacitors chosen and extended in 
like manner for larger capacitors. 
For large capacitors it is more con- 
venient to determine the point F by 
finding where the line BF, produced, 


* Institute of Physics, Charles University, Prague. 
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meets the other perpendicular to 
the diameter. 


AD = E tan ¢ =——— = — #. (5) 


tana 27fCR 

Thus D is also associated with the 
same capacitor C, but for a capacitor 
of twice the value, the G will move 
to twice the original distance from 
B while the D will move down to 
half its original distance from A. 

The accuracy of this method of 
measuring capacitance depends on 

(1) The calibration of the meter 
and the accuracy of reading. 

(2) Constancy of mains voltage 
and frequency. 

(3) The vectors for E1 and E2 being 
in quadrature. 

(4) The absence of harmonics from 
the wave-form of the supply. 

In the British Standard Specifica- 
tion for instruments the meter error 
below half-scale defiexion is given 
as a percentage of the full scale 
reading. Thus the relative error in- 
creases as the readings decrease. 
The capacitance scale is non-linear; 
its upper end being very compressed. 
The result of both these influences is 
that in an area around the middle 
of the scale the relative errors 
caused by meter inaccuracy are 
constant, but the accuracy deterio- 
rates towards both ends of the scale 
—particularly the upper end. 

For large capacitors the point F 
may be kept away from A by provid 


D 











ing a resistance in parallel with the 
voltmeter so as to by-pass a known 
proportion of the current. If such a 
‘‘ shunt”? is used the symbol R 
above must be interpreted as the 
resultant resistance in series with 
the capacitor under test. This modi- 
fication avoids the error consequent 
upon the use of the upper end of the 
scale. 

Mains frequency can be accepted 
as constant enough and the wave 
form of the supply voltage will 
generally suffice for purpose of the 
test. 

The relative error in E2 caused by 
variations of supply voltage will be 
proportional to these variations and 
the correction is readily found by 
checking the mains voltage before 
making the measurement. 

The quadrature of E1 and E2 can 
be affected in two ways: The meter 
is not purely resistive, but the in- 
ductance of a good 4.c. voltmeter 
reading up to 230 V is small enough 
to permit the assumption of pure 
resistance. The capacitor has been 
taken as loss free—an assumption 
justifiable from the fact that if losses 
were present, that would be suffi 
cient reason for rejecting the com 
ponent by insulation test. 

It can be shown that the absolute 
value of the error AE2 in the value 
of E2 for the loss free capacitor is 
given by 

jAE2) _ 
| E2 | 


where tan 54 is 
dissipation factor, which is_ less 
than 0.02 for paper dielectrics 
and less than 0.002 for mica and 
ceramic dielectrics. Thus the error 
can never exceed the value of tan 8. 


tan 
Var PCR + 1 
the dielectric 
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WINDING CAPACITANCE 


By N. H. CROWHURST 


HIS data sheet: assists in com- 

puting the various winding 
capacitances of multilayer windings 
used in the construction of audio- 
frequency transformers, chokes and 
other equipment. They apply to 
windings in which turns are wound 
on layer by layer, either inter- 
leaved or random wound, so that 
the p.p. between adjacent turns 
belonging to consecutive layers will 
be much greater than that between 
adjacent turns in the same layer. 
The capacitance effect between 
adjacent turns in the same layer is 
neglected, only that between layers 
being considered. Capacitance be- 
tween winding and core, and 
electrostatic screens, if used, must 
also receive attention. 

Fig. 1 illustrates a cross section 
of a piece of winding in which layer 
interleaving is used. It is seen that 
the dielectric between adjacent 
conductors in consecutive layers is 
complex both in shape and material. 
The turns on the top layer shown 
fall so that each turn drops in the 
space between two turns on the 
second layer, corrugating the inter- 
leaving material with a slight 
resulting increase in capacitance 
compared with that between the 
middle and bottom layers shown. 
Due to the spiral form of each layer, 
the position of turns in consecutive 
layers to one another will change 
at different points round the 
direction of windng, thus_ the 
capacitance between any pair of 
layers will automatically take up 
the average value. The composite 
dielectric is made up of conductor 
insulation, most commonly enamel, 
interleaving material and the 
triangular shaped spaces left be- 
tween adjacent turns and the inter- 
leaving material. These spaces will 


be filled with dry air if the wind- 
ings are dried out and hermetically 
sealed, or with impregnating com- 
pound if the windings are vacuum 
impregnated. The latter procedure 
will give rise to a somewhat higher 
capacitance. 

In practice the major controlling 
factor determining the total capaci- 
tance between two adjacent layers 
of winding is the thickness of the 
interleaving material, thus distri- 
buted capacitance may conveniently 
be estimated in terms of the thick- 
ness of interleaving material, giving 
this material a value of dielectric 
constant empirically obtained, 


will be transformed so that it can 
be represented as an equivalent 
value across the whole winding. If 
the length of the whole layer is | 
and the capacitance per unit layer 
length C, then the effective capaci- 
tance of the element referred to the 
whole winding will be («#/I)*C.dx 
The capacitance due to the whole 
winding will be 


(2/1) "Cd = 5-10 
Thus the effective capacitance of 
such a two-layer winding is one- 
third of the capacitance between 
two layers measured when their far 
end is unconnected. 

Take now a winding consisting of 
n whole layers: there will be (n—1) 
adjacent pairs of layers throughout 
the winding and the _ effective 
capacitance of each pair of layers, 
referred to the whole winding will 
be a capacitance of (2/n)* times 





Fig. 2. Effective 
capacitance of a 
pair of layers 




















allowing for the average effect of 
the other dielectrics in the com- 
posite arrangement. 


Effective Layer to Layer Capacitance 


Take a winding having only two 
adjacent layers, its turns distri- 
buted uniformly throughout the two 
layers as shown in section at Fig. 2. 
Consider an element da at a dis- 
tance a from the end of the wind- 
ing where the conductor steps up 
from one layer to the other. In the 
complete winding the elemental 
capacitance due to the section dx 








Copper Conductors 


Fig. |. Section 

through layer 

interleaved wind- 
ing 


Enamel 


Layer interleaving 








their capacitance referred to the 
high potential and considered as a 
pair. Thus the capacitance of n 
whole layers referred to the whole 
winding becomes 

4 n—1 
“es ot Cl 
For large values of n the capaci- 
tance becomes inversely propor- 
tional to the number of layers. 
Fig. 7 illustrates a typical winding 
shape together with the dimensions 
as used in the data sheets. The 
capacitance per layer, given in the 
foregoing formula as Cl, is propor- 
tional to the product of the length 
per mean turn Lor , and the length 
of layer Lw. 


Vertical Sectionalising 


It is sometimes of advantage to 
sectionalise the winding as shown at 
Fig. 3, each: vertical space being 
filled completely before proceeding 
to fill the next one. Although 
physically the winding will have the 
same overall cross-sectional dimen- 
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Fig. 3. Sectional- 
ising to reduce 
capacitance 

















sions its self-capacitance will be 
equivalent to that of a winding 
having 1/N x layer length and 
N xn layers, where N is the number 
of vertical sections. The distri- 
buted capacitance of the winding 
due to such sectionalising thus is 
reduced by the factor 1/N*. Note 
that this rule applies only to 
referred interlayer capacitance and 
does not apply to capacitance 
between the top and bottom of the 
winding and adjacent windings or 
screens. The various reduction 
factors for vertical sectionalising 
are given in Table 1. 
Effect of Mixing Windings 

In the design of a transformer it 
is often necessary to mix the 
primary and secondary windings in 
order to reduce leakage inductance. 
This arrangement will generally be 
a disadvantage as regards minimis- 
ing winding capacitance, since it 
exposes greater surface area of 
winding in proximity to either the 
other winding or an earthed screen. 
If the ratio of the transformer is 
fairly high, then from the high 
impedance winding the whole of the 
low impedance winding appears at 
common audio potential, usually 


differing audio potentials in the two 
windings may have serious effects, 
and it is generally best to arrange 
the windings so as to avoid such 
capacitance. 

Fig. 5 shows a cross-section suit- 
able for an inter-valve transformer 
designed to operate two valves in 
push-pull from a single valve on the 
primary side. The u.r. end of the 
primary is earthy and is therefore 
diagrammatically earthed. The 
high potential end of the primary 
is adjacent to the earthy end of one 
of the half secondaries so that the 
capacitance between windings at this 
point is effectively from anode to 
earth. The two high potential ends 
of the secondary are remote from 
the primary and so minimise the 
possibility of unbalanced capaci- 
tance transfer from primary to one 
half secondary. 

Another problem which often 
arises is in the design of push-pull 
output transformers, particularly 
for Class AB or Class B circuits, 
where it is essential that each half 
of the primary be well coupled to 
the whole secondary. From _ the 
viewpoint of leakage inductance 
and winding resistance, it is un- 










































































earthy. But if the ratio of the important whether the secondary 
transformer is not very high, sections are connected in series or 
“ y se : ; 
capacitance between points at parallel. Fig. 6 illustrates three 
Fig. 4. Arrange- 
ments using verti- 
_ cal sectionalising. 
a i m= 5 See Table | (below) 
=e 
(a) (b) 
Winding to Screen Capacitance 
Number of Distributed Arrangement as]Figure 4 
Vertical Capacitance ———- - | | - 
Sections Component =§_ (a) One side (a) Centre point | (b) One side 
earthy earthy | earthy 
ft ey ee a I | | | 0.5 | 
2 0.25 0.75 0.25 0.125 
3 0.111 | 0.704 0.185 0.185 
4 0.0625 0.6875 | 0.1875 | 0.219 
5 0.04 0.68 9.168 | 0.24 
6 0.0278 0.676 0.176 | 0.255 
e ben =e o* 0.667 0.167 | 0.333 
* The method of winding is here changed so that for the purposes of this column, the dimensions 
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arrangements for a transformer of 
this type, each of which may be 
best suited under different circum- 
stances. At (a) is an arrangement 
which gives minimum primary 
capacitance, but suffers from the 
defect that leakage inductance and 
winding resistance are unequal for 
the two primary halves. For Class 
A operation using valves requiring 
an optimum load of high impedance 
this arrangement is sometimes the 
best. At (b) is an arrangement 
intended to equalise winding resis- 
tance and leakage inductance from 
each half-primary to the whole 
secondary as well as primary self- 
capacitance. ‘This arrangement is 
particularly suited to _ circuits 
employing low loading Class AB or 
Class B operation. The alternative 
arrangement shown at (c) results in 
a slightly lower referred capaci- 
tance across one half only of the 
primary. In general this unbalance 
is not desirable, but if leakage 
inductance is adequately low, the 
coupling between all the windings 
may be so good that the reduction 
in capacitance may be apparent 
across the whole primary. 











Grid 
— Half Secondary | _ 





Primary 











Half Secondary 





Grid 














Lw and Tw will change places. 


Fig. 5. Push-pull secondary intervalve trans- 
former dary arrang t 





Table 2 gives a pictorial represen- 
tation of various ways in which 
high impedance windings may be 
arranged in relation to earthy 
points shown as screens. The table 
is equally applicable if these points 
are earthy low impedance windings. 
The capacitance factors for. alterna- 
tive connexions of the winding, 
with either one side or the centre 
point at earth potential, are given 
relative to the average capacitance 
between one end layer of the wind- 
ing and one screen. The two 
arrangements marked with an 
asterisk indicate that it is necessary 
to reverse the direction of winding 
in order to achieve the capacitance 
factor shown. 

Random Winding 

In what is known as random 

winding, no interleaving material is 
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the layers should be built up so 
that at all times during winding the 
top surface is level. Failure to do 
this will not greatly affect the self- 
capacitance, but will result in in- 
creased danger of breakdown due 
to electrical or mechanical stresses. 
As the number of layers is always 
large, it is convenient to reduce the 
calculation to simple terms of the 
winding dimensions. 

The essential variables are: 
length of winding Lw, length of 
mean turn Laur, winding thickness 
Tw (see Fig. 7), and number of 
turns, T. Considering variation of 
each of these quantities in turn, the 
others being taken as constant: 
variation of Lw will vary the 
referred capacitance per layer as 
before, and additionally the effec- 
tive number of layers will vary 
inversely as Lw?; variation of Lr 
simply varies the layer size, as 
before; variation of both Tw and T 
varies the number of layers in direct 
proportion to Tw! or T. Thus the 
whole expression for variation of 
capacitance can be written, 

ee, Lut Lw** 


TwiT 


The lower half of the data sheet 
is based on this relation and empiri- 
cal values obtained from average 
results with random windings. 


Example | 


A push-pull output transformer is 
arranged as at Fig. 5: primary 
winding has a total of 12 layers, 
Tv = 8, k = 2; insulation between 
primary and screen, Typ=15, k=5; 
main dimensions, Lw =2”, Lur =8”. 

Distributed capacitance, using 
upper data sheet, Lw =2”, Lur =8”, 
Tn =3, k=2 and n=12, is Cp=240 pF. 

Capacitance from each primary 
to screen, substitution Tp=15, k=5, 
is Cp = 1200 pF. The capacitance 
factors for the arrangement of 
Fig. 5 are: (a) 0.25; (b) 0.5; (c) 
0.375. Thus the total capacitance 


Fig. 6. Arrange- 
ments for push- 
pull output trans- 
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Fig. 7. Dimensions used on data sheets 


Table 2. Effect on 
referred winding- 
to-screen capaci- 
tance of various 
arrangements 
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referred to the whole primary for 
each method of connexion is, 


(a) 300 pF + 240 pF = 540 pF. 

(b) 600 pF + 240 pF = 840 pF. 

(c) 450 pF + 240 pF = 690 pF. 
Example 2 

An intervalve transformer, to 


operate from push-pull to push-pull, 
uses a simple arrangement having 
both windings all in one section: 
Lw = 0.6", Lur = 2.5", Tw (each 
winding = 0.1”; insulation between 
windings, Tp, k = 3; Turns, 4,000 
c.t. / 12,000 c.t. 

Distributed capacitance, using 
lower data sheet, Lw = 0.6",L ur =2.5”", 
Tw = 0.1", T (primary) = 4,000, is 
Cp = 58 pF. For secondary, T = 
12,000, Cp = 34 pF. 

Capacitance coupling between one- 
half primary and one-half secondary, 
using upper data sheet, actual capa- 
citance, Lw=0.6", Laur =2.5", Tp= 
10, k = 8, is Cp = 100 pF. Both 
windings wound in same direction, 
turns factor across this capacitance 
referred to whole primary is } + 14 
= 2, so referred capacitance is 400 
pF. Windings wound opposite 
directions, turns factor referred to 
primary is 1} — } = 1, so referred 
capacitance is reduced to 100 pF. 
(Continued on page 431. Data sheets overleaf) 
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For Distributed Capacitance due to Layer Winding: 


Refer length of winding Lw, and length of mean turn Lwz, 
on their respective scales, to intercept at A (figure 8 left), then 
along the horizontal reference lines to intercept with the thickness 
of dielectric material Tp, at B. From this point refer along the 
slanting reference lines to intercept with the empirically deter- 
mined value of dielectric constant k, at C, then along the horizontal 
reference lines to the unity reference vertical at D. From this 
point refer down the slanting reference lines to intercept with the 
Cp due to: number of layers n, at E, whence the referred capacitance is read 

off on the scale at the right. 


For Interwinding, or Winding to Screen Capacitance: 


As above, for the winding dimensions and dielectric thickness» 
Screen or to a point corresponding to D, whence, for winding to screen 
cpecbamees capacitance, or interwinding capacitance when the other winding is 
all at low potential, refer down the slanting reference lines to 
intercept with the section capacitance factor obtained from Table 
Layer No. |. For interwinding capacitance where there is appreciable 
insulation potential in the adjacent portions or both windings, individual 
attention will be necessary for each interwinding space, and the 
fector turns factor scale will assist here. 
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For Distributed Capacitance due to Random Winding: 

Refer length of winding Lw, and length of mean turn Ly, on their 
respective scales, to intercept at A (figure 9 right), then along the 
horizontal reference lines to intercept with the vertical line for 
thickness of winding Tw, at B. From here refer up the slanting 
reference lines to the right-hand edge of the data sheet, and then 
back along the horizontal lines to intercept with the vertical line 
for the number of turns at C, from which referred capacitance is 
read off along the slanting lines at Cp. 




















422 


Hlectronic Engineering 


November, 1949 


ULTRASONICS : A Brief Survey 


N the study of acoustics the term 

‘* ultrasonics ”’ is usually taken to 
mean those frequencies that are 
above the normal upper limit of 
human audibility, about 18,000 c/s. 
The word is considered preferable to 
‘* supersonics ”’ which now has a par- 
ticular significance in aeronautical 
engineering. 


History 


The study of these frequencies 
began about a hundred years ago, 
in 1845, when Despretz claimed that 
certain musicians had heard high 
octaves up to 30,000 c/s. However. 
in 1874 Koenig condemned these 
early results owing to the lack of 
accurate measuring equipment at 
the time they were obtained. We 
now know that Despretz’ claims 
may have been fairly correct since 
a few individuals are able to detect 
sounds of about 25,000 c/s. 


In 1883, Francis Galton invented 
his ultrasonic whistle, capable of 
generating frequencies up_ to 
25,000 c/s. Tuning forks only a 
few millimetres long were perfected 
in 1899 by Koenig. These forks, 
tested by Kundt’s “ dust figure ” 
method, vibrated at frequencies as 
high as 90,000 c/s. The next year 
Edelmann improved ithe ‘zalton 
whistle and enabled it to generate 
up to 110,000 c/s. 
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Model U.300 Uitra- 

son, maximum 

output 250 acoustic 
watts 


In 1907, Altberg recorded a fre- 
quency of 382,400 c/s. but with the 
exception of improvements made by 
Schultze and Lebedev, few dis- 
coveries were made until 1917, when 
Langevin produced a_ submarine 
detector which used the Poulsen arc 
as a supersonic generator. 

During the next few years scien- 
tists in several countries made 
ultrasonic investigations. Giebe and, 
Scheibe of the German Reichsan- 
stadt explored the field of quartz 


plate vibration; Hartmann _per- 
fected his air-jet generator and 


Model U.500 Uitra- 
son, capable of 
giving a maximum 
of 6 watts output 
power 





Cady made advances in connexion 


with crystal vibrators that led 
eventually to the Pierce oscillator. 
In 1925 a new type of sound-wave 
generator was created. This genera- 
tor used a magneto-striction 
arrangement whereby a rod _ of 
ferrous material was brought into 
an oscillating magnetic fieid and a 
stretching effect was produced. It 
suffered from the disadvantage that 
high frequencies could not be stably 
maintained because of temperature 
variations and as a _ consequence 
attention was turned to the genera- 
tion of ultrasonic frequencies with 
thermionic valve/quartz crystal 
combinations. 
From then onwards investigations 
\were made of many aspects of high 
frequency sound, including such 
things as emulsification, coagulation, 
cavitation, and many commercial 
and scientific possibilities emerged. 


Generators 


The first commercial ultrasonic 
generators were produced in Ger- 
many in the early 1930’s but they 
were expensive, complicated and 
difficult to operate, and except for 
widely scattered investigations 
these troubles caused the new 
science to fall into the doldrums. 
The second World War however, 
caused the subject to be reopened, 
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and several quite simple and 
reliable commercia: ultrasonic 
equipments are now available. 


One of these is the Ultrason, a 
generator designed without any 
special application in view by the 
Televiso Products Company of 
America. The Model U.500 Ultrason 
with its associated crystal holder is 
intended as a research instrument 
for the observance of ultrasonic 
effects with the microscope. It 
develops a maximum of 6 watts 
of power at the crystal. 


Ihe Model U.800 Ultrason can be 
used either for research where bigh 
power is required or for ‘specific 
industrial applications It produces 
a maximum of 250 acoustic watts 
in an oil bath and has a crystal 
holder that can be used to treat 
granular materials or adapted te 
continuous flows of liquids or gases. 
Both models operate at a fre- 
quency of 450,000 c/s. This value 
has been chosen as a result of 
theoretical and practical investiga- 
tions and nearly all results at other 
frequencies can be repeated at 
450,000 c/s. The larger model can 
be varied between the hmits of 
420,000 and 500,000 c/s., while for 
the measurement of sound velocity 
in liquids and gases, the smaller 
model can create frequencies as 
high as 14 Me/s., though for normal 
working an upper limit of 7.5 
Mc/s. is recommended. 


Applications of Ultrasonics 


In all probability the widest use 
of ultrasonics will be in the field of 
industrial chemistry, since many 
interesting effects have already 
been noted in the chemical sphere. 
The non-destructive testing of 
various materials is also likely to 
lead to many uses. 


The following is a summary of 
some of the interesting phenomena 
that have been noted. 


Normally immiscible liquids such 
as oil and water or oil and mercury 
can be converted into stable emul- 
sions. Very fine dispersions of 
metals in water can be. obtained. 
This result is achieved by subject- 
ing a cathode to ultrasonic waves 
during electrolysis, when the metal 
is flung out into the liquid at high 
speed; so finely divided that it 
remains in suspension. By vary- 
ing the frequency etc., any metal 
that can be electrolysed can be 
dispersed. The degree of dispersion 
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depends on_ power, _ electrode 
material and the cathode surface. 


In the paint world, manufac- 
turers are investigating the _Possi- 
bilities of ultrasonic suspension of 
refractory pigments in a_nitro- 
cellulose vehicle and plastic com- 
panies are seeking to use the 
waves to prepare colloidal disper- 
sions of resins and plasticisers in 
water and organic media. 


In dairy products, preliminary 
work has been done on the emulsi- 
fication of cream cheese mixtures 
and on the pasteurisation of milk 
at low temperatures. The homo- 
genising of milk is already a pro- 
duction process. 


The effects of ultrasonic waves 
on gels are of marked value. Pulp 
and paper industries are working on 
modifying gel structures to improve 
coatings for art papers. 


A few of the metallurgical uses are 
the crystallisation of low melting- 
point materials, nitrogen hardening 
of steel and the elimination of 
hydrogen after plating. Metals 
such as tin and aluminium solidify 
more rapidly when subjected to 
high frequency sound waves and 
the structure has a finer grain. 
There are also miuny applications 
in connexion with the preparation 
of alloys. 


Liquids and melted substances 
can be de-gassed by _ ultrasonic 
waves because a negative pressure 
is brought about through the 
expansion of the fluids being pro- 
cessed. This negative pressure 
allows the dissolved gas to emerge. 
An obvious application of the pro- 
cess is to obtain gas-free materials 
for electronic tubes. 


Non-Destructive Testing 


A use of ultrasonics that is 
already well into the commercial 
stage is the non-destructive testing 
of materials for hardness, cracks, 
pits, non-homogenity, etc. Most of 
the present applications are con- 
nected with metals, but the pro- 


cedure is entirely applicable to 
other substances, particularly to 
rubber. One of the largest tyre 


companies in the U.S.A. tests its 
entire output by this method. 


Although ultrasonic waves have a 
strong dispersive action they can 
also have a coagulating effect, par- 
ticularly on aerosols; and dusts, 
smokes and mists can quickly be 
agglomerated and _ precipitated. 
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Work has already been carried out 
on the retention of soot within 
factory chimneys and the removal 
of fog from aerodromes. 


There are also a number of 
biological effects which may be 
useful. Diathermy and _radio- 
therapy are easier this way since 
the feelings of physical heat is 
absent and no high voltage elec- 
trodes need be brought near the 
patient. The sterilisation of foods 
and liquids is possible, also the 
killing of insects in wheat and other 
food products. 


As an aid to those who may wish 
to start investigations in the field of 
ultrasonics a bibliography of the 
more important sources in literature 
up to the present time is appended. 
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Hectronic Engineering 


A UNIVERSAL 
VISUAL VALVE TESTER 


By 
F. L. HILL, B.Sc., and C. W. BROWN 


VALVE tester which will 

display a family of valve 
characteristics has many obvious 
advantages over the more _ usual 
static testers. It is possible to see 
at a glance whether a valve con- 
forms to the maker’s specifications, 
and one can very rapidly investi- 
gate the effect of variation of any 
parameter by adjustment of the 
controls, so that the optimum 
operating conditions to suit any 
application are very readily deter- 
mined, The time taken to plot a 
family of, say, ten curves is about 
half a day, whereas with a visual 
device of the type described below 
the time taken is 1/50 second, and 
to obtain a second set of curves at a 
different screen voltage, or with bias 
on the suppressor grid, the time is 
only that required to adjust the 
appropriate control. 

Several visual testers have been 
described in the past. One such 
system, limited to output valves and 
employing mechanical switching 
was described in 1940,’ and an elec- 
tronic device in 1947.2 That 
deseribed below, of which a photo- 
graph is shown on this page, is be- 
lieved to be unique in_ several 
features, and to be the first com- 
mercially available visual valve 
tester. A model has been in daily 
use for some eight months and has 
proved its usefulness and stability. 
The sample curves shown were taken 





with an ordinary camera, but it 
would not be difficult to provide a 
permanent camera, an auxiliary 
light source being used to illuminate 
the graticule. 

Basically the tester consists of 
means of displaying on a cathode- 
ray tube a complete family of anode 
volts /anode current curves for ten 
different grid voltages. Sockets are 
provided to accommodate all 
modern types of valve, and a uni- 
versal connexion board enables any 
electrode to be connected to any 
supply. This is achieved by means 
of a series of push-button switches 
arranged in ten rows with ten but- 
tons in each row. Each horizontal 
row corresponds to one valve pin, 
e.g., the first row is connected to 
pin No. 1 in all the valve sockets, 
the pins being numbered according 
to the B.V.A. standard notation. 
The vertical rows correspond to the 
various supplies appropriate for 
anode, screen, heater, etc. By 
depressing the button in the hori- 
zontal row 1 and column “ Anode ”’, 
pin No. 1 is connected to the anode 
supply, so that by pressing up to 
ten buttons suitable connexions for 
any valve can be made. The push 
buttons are interlocked horizon- 
tally so that two supplies cannot be 
connected to the same electrode, 
but there is no vertical interlock so 
that any number of electrodes may 
be connected to one supply. For 


Fig. |. 
Fundamental 
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example, a pentode may be con- 
nected as a tetrode, triode or diode 
as well as the normal connexions, 
and the connexions may be changed 
from one to the other instan- 
taneously. 


Principle of Operation 


The voltage applied to the anode 
of the valve on test is of the form 
shown in Fig. 1(a). This voltage is 
also applied through a p.c. ampli- 
fier to the ‘*X ” deflecting plates of 
the cathode-ray tube, so that hori- 
zontal deflexion is proportional to 
anode volts. The anode current of 
the valve is passed through a resis- 
tance selected according to ‘the 
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range of anode current required, 
and the resulting voltage is applied, 
through another pb.c. amplifier, to 
the ‘‘Y” plates, so that vertical 
deflexion is proportional to anode 
current. The anode voltage wave- 
form is derived from a twelve-phase 
supply, the first ten phases giving 
rise to the sweeps of anode voltage 
at the ten different grid voltages; 
phase eleven inserts a calibration 
signal and phase twelve restores the 
grid potential to zero in preparation 
for the repetition of the family of 
curves. Between sweeps of anode 
voltage is a resting period during 
which the grid voltage is changed by 
a controlled step, the magnitude of 
which is selected by the “ grid volt- 
age step”? switch. This resting 
period ~ a serves to reduce the ratio 
of mean to peak dissipation in the 
valve, enabling valves to be tested 
at higher peak dissipations than 
would otherwise be possible. There 
are eight ranges of anode current, 
from 5 mA full scale to 1 amp., 
giving a possible peak dissipation of 
400 watts. 

The grid voltage waveform which 


Fig. 2. Block schematic of visual valve tester 


immediately presents itself as suit- 
able is that shown in Fig. 1(b), 
where the grid voltage is initially 
zero and increases in a negative 
direction in equal steps éach time 
the anode voltage returns to zero. 
This is quite satisfactory for triodes, 
but reference to Fig. 1 will show 
that the anode voltage is zero for 
a large part of a cycle, and when 
testing pentodes or tetrodes_ the 
screen will take the whole cathode 
current during this time, resulting in 
excessive screen dissipation. To over- 
come this difficulty the grid wave- 
form actually used is that shown in 
Fig. 1(c), where the grid is held 
well beyond cut-off except during 
the time when the anode voltage 
is applied. Steps of grid voltage of 
0.5 V, 1 V, 2.5 V, 5 V and 10 V are 
available, and are selected by the 
grid voltage step switch. 

The screen supply is a low impe- 
dance D.c. voltage source, variable 
from zero to 400 volts, and capable 
of delivering 100 mA anywhere in 
this range, and a negative supply 
up to 150 volts in four ranges is avail- 
able for application to suppressor 


grids of pentodes or the oscillator 
grid in mixers. 


Static Tests 


Provision is made for making 
static tests by means of a switch 
which cuts out the cathode-ray tube, 
and connects a set of meters in cir- 
cuit. Meters are provided for 
measurement of anode voltage and 
current, screen voltage and current, 


heater voltage and current, and two . | 


independent grid voltages. For 
static tests the anode valinee may 
be varied from zero to 400 volts and 
800 mA may be drawn at any volt- 
age in this range. This involves a 
special type of voltage regulator, as 
if the conventional type of series 
control regulator is used, it will be 
seen that for an output of 400 volts, 
an input to the regulator of about 
600 volts will be required, and if the 
output is turned to a low value, 
almost the whole of this 600 volts 
will be dropped across the series 
valve. If the maximum current is 
now drawn, the dissipation in the 
series valve will be 180 watts, and 
a very large valve or combinaticn 
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Fig. 3. Derivation 
of twelve phase 
circuits from 
either three or 
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supply 








of valves will be required. In this 
power supply a pair of grid con- 
trolled rectifiers is used, the bias for 
the rectifiers being obtained from 
the voltage drop across the series 
regulator valve, so that as the out- 
put is turned down the input is 
automatically reduced, resulting in 
almost constant voltage across the 
series valve. The screen supply and 
the two grid supplies are all in- 
dependently regulated so that there 
is no inter-action between them. 
Jacks are provided for measurement 
of grid current in the two grid cir- 
cuits when making static tests. 
Heater voltage is adustable from 
1 volt to 300 volts, the maximum 
power available being 100 watts, 


except on the lower ranges, where 


the current is limited to 10 amps. 
Ranges of 1-3 volts, 3-10 volts, 10-30 
volts, 30-100 volts and 100-300 volts 
are covered by a ‘ Variac ”’ adjust- 
able transformer. 
Visual Tests 

Returning now to visual tests, 
the cathode-ray tube is provided 
with an engraved graticule which is 
moulded to fit the face of the tube, 
and is calibrated with 100 vertical 
and horizontal divisions correspond- 
ing to anode current and voltage. 
The sensitivity of the X and Y 
amplifiers and corresponding shift 
controls may be adjusted with the 
help of the calibration signals to be 


described below, to line up with the 
engraved marks, 

A block schematic diagram of the 
whole equipment is shown in Fig. 2.. 
A twelve-phase supply at 50 c/s. 
provides the main timing signals, 
being converted to the wave-form of 
Fig. 1(a) by the anode voltage 
generator. Only the first ten phases 
appear in the anode waveform, 
phase eleven being used for the cali- 
bration signals and phase twelve 
generating a pulse which triggers 
the grid voltage generator back to 
zero at the end of a complete cycle. 
Phase eleven is of the same wave 
shape as phases one to ten; it is 
applied not to the valve on test, but 
to one of a set of resistors of known 
value, selected by a switch accord- 
ing to the range of anode current. 
The voltage across this resistor is 
monitored by a set of voltage 
markers, which inject small pips 
into the ‘‘ Y” deflexion amplifier 
at 100, 200, 300 and 400 volts, so 
that the voltage calibration is 
readily checked, and since the 
values of the resistors are known, 
the current calibration may also be 
checked. A mixing circuit employ- 
ing two cathode followers enables 
the voltages on the anode of the 
valve on test (phases 1-10) and on 
the calibration resistor (phase 11) 
both to be applied to the input of 
the “‘X” amplifier, so that the 
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calibration pattern appears super- 
imposed on the valve curves. By 
turning the switch to the position 
“QO” the calibration line is made 
to coincide with the ‘‘ X ’” axis. 

An automatic limiter is provided, 
which returns the anode voltage to 
zero, ready for the next stroke as 
soon as the spot on the cathode-ray 
tube reaches the edge of the grati- 
cule in either direction, so that once 
the maximum values of anode volt- 
age and current have been set up on 
the range switches, these values 
cannot be exceeded, even instan- 
taneously. As an extreme example, 
if the anode supply is short circuited 
a vertical straight line is drawn up 
the left hand edge of the screen 
stopping at the edge of the grati- 
cule. This feature protects both the 
valve and the equipment, and also 
gives a neatly trimmed edge to the 
set of curves. 

Anode Wave-Form Generator 

The first requirement is to pro- 
duce a 12-phase supply. This may 
be done in several ways. One of 
which has been used successfully 
starts with a 8-phase supply, from 
which a_ two-phase supply is 
obtained by means of a _ Scott- 
connected pair of transformers, as 
shown in Fig. 8(a). In Fig. 38(b), 
winding HTN is the winding 
D in Fig. 8(a) and_ the 
windings SI, RJ, QK, PL, OM are 
separate windings corresponding to 
GF in Fig. 3(a), each being centre 
tapped and having its*centre point 
connected to a tap on HN. The 
voltage between T and the points 
H-S consist of the sum of two 


Fig. 4. Phase splitter circuit 
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in quadrature and by 


voltages 
proper choice of turns ratio the 
voltages on’ points H-S may be 
made to be equally spaced around 
a circle whose centre is T, so that 
the voltages from these points to 
T are equal in amplitude and spaced 
30° apart in phase. 

Where 3-phase mains are not 
available the circuit of Fig. 3(c) is 
more suitable. This is the well- 
known phase shifting circuit. In 
the vector diagram Fig. 3(d) OA 
represents the voltage across the 
winding RP in Fig. 3(c), OB the 
voltage in RQ. The vector sum of 
the voltage across the capacitor, 
CA, and that across the resistor, 
BC, is equal to AB, and since these 
voltages are in quadrature the point 
C lies on a semicircle and the 
voltage OC, i.e., the voltage between 
R and § in Fig. 3(c) is constant 
in amplitude and varies in phase 
from zero to 180° with respect to 
OA as the resistance varies from 
infinity to zero. By employing a 
number of pairs of resistors and 
capacitors connected in series across 
PQ any number of phases between 
O and 180° may be obtained, and 
by interchanging the capacitor and 
resistor a further set between 180° 
and 360° will complete the circle. 
The only limitations are the exces- 
sive power consumption if the resis- 
tances are made too low, and the 
disturbing effect of the load across 
R-S if the impedances are made too 
high, but it is possible to arrive at 
a satisfactory compromise. 

The first ten phases of the 12- 
phase supply (sine-wave) are applied 
to the grids of a set of triode valves, 
one of which is shown as V1 in 
Fig. 4. This valve is connected as 
a phase splitter with equal loads in 
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Fig. 5. Wave- 
forms in anode 
supply generator 


anode and cathode, and a second 
triode valve V2 is connected from 
the grid of V1 to a negative supply. 
A sinusoidal voltage in phase with 
phase 2 (lagging 30° behind phase 1) 
is applied to the grid of V2, in series 
with a source of positive bias and 
a resistor to limit grid current. The 
resulting wave forms are shown in 
Fig. 5. In the diagram showing 
anode and cathode wave forms of 
V1, the full line curves show the 
voltages due to phase 1 on the grid 
of V1 and the dotted curves show the 
voltage variations due to successive 
phases on the grids of similar valves, 
whose anodes and cathodes are 
connected in parallel with those of 
Vi. Owing to the positive bias, 
V2 commences to conduct less than 


Fig. 6. Timing of grid and anode waveforms 
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30° later than V1, and so the output 
voltage wave form consists of saw 


teeth with a short resting period . 


between peaks. 

The voltage on the anode of V1 
is applied to the grid of a phase 
reversing amplifier which drives a 
high power cathode follower, con- 
sisting of two D.A.30 valves in 
parallel supplying up to one ampere 
of anode current at 0-400 volts to 
the anode of the valve on test. 
Also connected to the grid of the 
cathode follower is the anode of a 
valve, whose cathode is connected 
to a negative supply, and whose 
function is to hold the grid of the 
cathode follower beyond cut-off 
between sweeps of anode voltage. 
It is controlled by a trigger circuit, 
and is switched to the ‘“‘ off” 
position (grid of cathode follower 
cut-off) by the output of the moni- 
tors of the anode current and anode 
voltage wave forms, thereby return- 
ing the anode voltage to zero, when 
the edge of the graticule is reached 
as described above. It is switched 
on again by the trailing edge of a 
pulse lasting for about 0.2 mS. which 
is initiated by the return of the 
voltage wave on the anode of V1 
(see Fig. 6), i.e., immediately 
before the commencement of the 
next anode voltage sweep. This 
trigger circuit also holds the grid 
of the valve on test beyond cut-off 
except when the anode voltage is 
applied, as described below under 
“grid voltage generator.’’ The 
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Step waveform generators 


Grid circuit low impedance output stage 








0.2 mS. delay is necessary to ensure 
that the anode voltage on V1 has 
fallen to a low value before the 
trigger is restored, otherwise oscilla- 
tions are liable to occur. 

A second trigger circuit is used 
to brighten the trace of the cathode- 
ray tube during each sweep of 
anode voltage. It is switched on 
by the grid voltage of the cathode 
followers approaching the potential 
at which current commences to flow 
and is switched off by the pulses 
which return the anode voltage to 
zero. This arrangement removes 
the bright spot at the origin due 
to the spot being stationary while 
the anode voltage is at zero. 

The power supply to the cathode 
follower has its negative pole con- 
nected to earth via the anode 
current measuring resistor, the 
voltage across which is connected 
to the input of the ‘‘ Y ’’ amplifier, 
so that special precautions have to 
be taken to prevent unwanted 
signals such as hum and signals 
due to capacitance currents from 
flowing through this resistor. These 
precautions include the use of a 
power transformer with double 
screening, and a circuit for balanc- 
ing out current flowing to earth 
from the cathode circuit of the 


cathode followers through the cir- 
cuit wiring capacitances. 

A separate amplifier and cathode 
follower are used’ to apply a voltage 
sweep to the calibration resistor 
during the operative portion of 
phase 11, and suitable mixing 
circuits, mainly consisting of pairs 
of cathode followers with common 
loads are used for mixing the 
signals at appropriate points, so 
that the protective and_ tube 
brightening circuits operate for 
phase 11 as well as phases 1-10. 


Grid Voltage Generator 


Various methods have been 
described for generating the wave- 
form of Fig. 1(b), and some of them 
are shown in Fig. 7. “fa” repre- 
sents a pentode valve which has 
pulses applied to its grid, so that 
tor for each pulse. For equal steps 
a charge is transferred to the capaci- 
it is necessary that these charges 
should be equal. The amount of 
the charge is controlled by the 
current and the time, and so the 


amplitude and duration of the 
pulses must be accurately con- 
trolled. 


The circuit 2 of Fig. 7(b) gives 
steps independent of pulse duration, 
and if the pentode valve is allowed 


to bottom during positive pulses 
the steps will also be independent of 
pulse amplitude. When the grid 
is negative the anode voltage ap- 
proaches that of the positive silts # 
line, and the capacitor C1 is charged 
to line volts through the lower 
section of the double diode. When 
the grid is driven positive, this 
diode ceases to conduct, the upper 
diode conducts and the anode poten- 
tial falls to a low value, and the 
charge on C1 is shared between Cl 
and C2. Since C2 is much larger than 
C1 the change in potential in C2 is 
small compared with that ini C1, 
and for small steps the voltage 
change per pulse will be uniform, 
but for larger changes the voltage 
will tend to rise exponentially. 
Change of voltage per step is varied 
by switching C2. 

The circuit used in the Universal 
Valve Tester is shown in Fig. 7(c). 
Pulses applied to the grid of the 
pentode charge C1 and discharge it 
into C2, as in Fig. 7(b). Here, 
however, the voltage to which the 
capacitor C1 is charged is controlled 
by the combination of R1 and R2, 
the latter being switched to give the 
different ranges of grid steps, using 
a fixed value of capacitor for C2. 
This gives constant discharge time 
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Anode characteristics of a triode 


and renders exact adjustment of 
of steps easier. Another refinement 
is the use of the cathode follower 
V6 to supply the cathode potential 
of the diode V4, which ensures that 
each step is the same, and not 
falling exponentially. 
Let Ex be change 
potential of V8 
Let Ec be the voltage across 
C2 before the pulse 
Let E be the voltage across 
C2 after the pulse 
Total charge before pulse = 
(Ex, + Ec) C1 + Eol2 = 
Total charge after pulse = 
Ez (C1 + C2) where 
E:Cl + EcC) + EcC€2 
C1 + C2 
Ree ae E,Cl 
Cl + C2 


Hence change in volts = 
E,C1 


C1 + C2 
which is independent of Ec 


in anode 





=> 
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For Fig. 7(b), proceeding in a 
similar manner 


E,Cl + EoC2 


Oe CLs C2 
so that each step is less than the 
preceding one because Ec is in- 
creasing. 


The output from the cathode of 
V6 is fed into an amplifier whose 
output impedance is rendered very 
low by negative feedback so that 
any grid current which may be 
flowing in the valve on test will 
not affect the accuracy of the grid 
voltage steps.” The circuit is 
shown in Fig. 8 where V7 and V8 
operate in a similar manner to the 
well-known voltage stabiliser cir- 
cuit, the reference voltage being the 
cathode voltage of V6. Hence the 
output voltage will be accurately 
proportional to V6 cathode protential 
which carries the required stair- 
case wave form of Fig. 1(b). V9 
converts this wave form to that of 
Fig. 1(c) by holding the grid of V8 
negative except during the time 
the trigger circuit is operated, i.e., 
except when the anode voltage is 
applied to the valve on test. When 
the trigger is operated V9 is biased 
to cut-off and so does not effect the 
operation of the circuit. When V9 
conducts the grid and hence the 
cathode of V8 go negative, carrying 
the grid of V7 beyond cut-off and 
breaking the feedback chain. 

The discharge of the capacitor C2 
in Fig. 7(c) is controlled by phase 
12 in the 12-phase supply, so that 
the grid potential during the phase 
1 sweep will be zero. In Fig. 9 
C2 is the same as in Fig. 7(c), and 
is shunted by the triode V10 which 



































CHARGING 
CIRCUIT 
FIG- 6(c) Fig. 9. Step wave- 
form discharge 
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Anode characteristics of a pentode 


is normally biased beyond cut-off. 
Pulses controlled by phase 12 are 
applied to the grid of V10 and also 
the anode of a diode V11 so that 
the maximum positive excursion of 
the grid of V10 is controlled by the 
potentiometer in the cathode of 
Vil. This is normally set so that 
the grid potential of the valve on 
test is zero in phase 1. It should 
be noted that C2 is not completely 
discharged as there is a change of 
p.c. level in the low impedance 
amplifier of Fig. 8 corresponding to 
the ratio of the two resistors in 
the cathode of V8. 


Power Supplies 

Owing to the presence of voltage 
and current wave forms of a 
complex nature, each of which has 
to be precisely determined, it is 
necessary to use low impedance 
power supplies to prevent inter- 
action between circuits. Indepen- 
dently regulated supplies at +500 v, 
and +200 v, —200 v and —500.v 
provided the pD.c. power for the 
various wave form generating cir- 
cuits. The anode supply described 
above under static tests is switched 
so that its output is +500 volts 
when making visual tests, and this 
supplies all circuits requiring, this 
voltage except the screen supply 
which is entirely independent and 
the anode supply to the main 
cathode followers which have their 
own supply. 

In conclusion the authors wish to 
express their thanks to Messrs. 
Cinema-Television, Limited, for 
permission to publish the informa- 
tion contained in this article. 


References 
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* This circuit is similar to one suggested by G. 
Bocking, Wireless Engineer, Lecember, 1942. 
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WINDING CAPACITANCE By N. H. Crowhurst. — continued from page 419 


Referring these two values to 
secondary, turns factors are 1/2 + 
1/6 = 2/8 or 1/2 — 1/6 = 1/8, 
giving capacitance values referred 
to whole secondary of 45 pF or 11 
pF respectively. 

A complete analysis would need 
to consider leakage inductance be- 
tween each primary and each half 
secondary, and separate source and 
load impedances applied to each 
half. For this purpose, the primary 
and secondary shunt capacitances 
across each half would be 116 pF 
and 68 pF respectively, while the 
capacitance coupling would be 1,600 
pF or 400 oe referred to half 
primary. The secondary shunt 
capacitances referred to the half 
primaries would be 610 pF. 

Example 3 

A direct coupled inter-valve trans- 
former is arranged as at Fig. 4: 
Lw = 15, Lu = 6", Tp = 20, 


= 1 (air spaced); Tw (each whole 
winding) = 0.2”; Turns 4,000 / 12,000 
c.t. 

Distributed capacitance, using 
lower data sheet, Lw = 1.5”, Lur = 
6”, Tw = 0.2”, T (primary) = 4,000, 
gives Cp = 400 pF. Secondary, T = 
12,000, gives Cp=225 pF (or 450 pF 
per half secondary). 

Interwinding capacitance, using 
upper data sheet, actual capaci- 
tance, Lw = 1.5”, Lur = 6", Tp = 
20, k = 1, gives Cp just over 90 pF 
say 100 pF. 

Vertical sectionalising will reduce 
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the distributed component in each 
case, but will also vary the inter- 
winding capacitance. Using the 
information in Table 1, the results 
may be tabulated as shown below. 

In practice three sections for the 
primary and four or five sections for 
each half-secondary will be_ best, 
remembering capacitance reduction 
is more important in the secondary. 
By making the earthy end of 
primary and secondary at opposite 
ends of the vertical groups, inter- 
winding capacitance coupling effects 
are minimised, 


























Primary Capacitance Half Secondary ¢ Ca pacitance 
Number of ae — 
Vertical Dist. inter- Total Dist. Inter- Total 
Sections winding winding 
! 400 100 500 450 —_ 450 
2 100 75 175 112.5 12.5 125 
3 44.4 70.4 115 50 18.5 68.5 
4 25 69 94 | 28 22 50 
5 16 68 84 18 24 42 
6 —_ —_ _ 12.5 ae 38 




















Binders for Fluorescent Screens 


PP ARTICLES of phosphor mate- 
rials employed as fluorescent 
screens for electric discharge tubes 
such as mercury vapour lamps and 
cathode ray tubes need to be firmly 
stuck to the wall of the tube in order 
that they remain in position during 
the life of the tube. It has been 
usual in the manufacture of 
these tubes to apply binders such 
as sodium or potassium silicate 
or boric acid either before, after or 
simultaneously with the deposition 
of the fluorescent material. 

However, these binder materials 
are not always entirely satisfactory. 
The silicates depend for their ad- 
hesion properties on the presence 
of water, and during baking, 
an, essential step in the evacuation 
process, they tend to flake off the 
walls of the tube; others such as 
boric oxide have undesirably high 
melting points — 577°C., which 
makes their use difficult. 

It has been found that the beryl- 
lium fluoride glasses prepared by 
fusing together beryllium fluoride 


with alkali fluorides and other 
fluorides, are particularly suitable 
as binders owing to the low 


melting points available, the wide 
temperature range over which the 
glasses are soft, and also to the high 
transparency of these glasses to 
light in the ultra-violet region 


down to a wavelength of 2200 A. 

An example of a suitable glass is 
that made by fusing together equal 
parts by weight of sodium fluoride 
and beryllium fluoride. This glass 
has a_ melting point about 
160-170° C. If a glass with a higher 
melting point is required it can be 
obtained by using in the mixture 
other fluorides such as potassium, 
calcium, magnesium, and aluminium 
fluorides. It is desirable to keep the 
percentage of beryllium fluoride 
about 50 per cent of the mixture and 
also to have about 20 per cent of 
an alkali fluoride present. 

The binder may be applied to the 
wall of the discharge tube in a 
number of known ways such as 
smearing the melted glass over the 
hot surface, spraying it in as a dry 
powder, as a suspension, or spray- 
ing it on as a solution of the con- 
stituent fluorides. The fluorescent 
material can be applied in similar 
ways either to the hot binder in soft 
or melted condition, or to the cold 
surface, to be followed subsequently 
by a heat treatment to cause firm 
adhesion between the fluorescent 
material and the wall of the tube. 
An alternative method that can be 
used, for example, in the manufac- 
ture of mercury or neon discharge 
lamps, where the exciting agent for 
the fluorescence is ultra-violet light, 


is to mix the fluorescent material 
with the binder and by melting the 
mixture within the tube cause it by 
suitable treatment to be coated 
evenly on the inside of the tube. 
Little diminution in the efficiency of 
excitation results from this coating 
process owing to the high trans- 
parency of the glass tc ultra-violet 
light, and in fact the layer of 
binder may act as a_ protective 
coating. A further layer of binder 
may if desired be applied subse- 
quently to the fluorescent material. 

The exact degree to which the 
fluorescent material is embedded in 
the binder is sometimes of import- 
ance, particularly in avoiding hala- 
tion effects. These glasses remain 
soft over a wide range of tempera- 
tures, and have low melting points, 
so that the extent to which the 
fluorescent material sinks into the 
binder after deposition may be 
readily controlled. 

Also, if desired, in order to reduce 
halation effects further, the binder 
may be coloured by the addition of 
compounds such as cobalt fluoride, 
or alternatively a neutrai light 
absorbing material such as graphite 
may be incorporated in the layer of 
binder between the fluorescent 
material and the glass wall of the 
tube. 

—Communication from E.M.I, Ltd. 
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RESIN-BONDED FIBRES 


fe Esnnous insulating materials 
have widespread applications in 
the electronics industry, and in view 
of their increasing importance it 
should be of interest to follow the 
stages of manufacture of a typical 


product. ‘*Tufnol’’* has been 
selected for the purpose of this 
description. 


The base from which the different 
varieties are made depends on the 
use required of the finished product. 
Paper is employed as a base for 
most general applications, but 
where mechanical strength and re- 
sistance to shock are required, a 
fabric base is called for. Both types 
will ultimately withstand tempera- 
tures from —183° C. up to about 
100° C., but Tufnol with an asbestos 
base can be used up to as high a 
temperature as 200° C. 

The manufacture of sheets begins 
with a roll of the fabric or other 
base being impregnated with a resi- 


nous bonding compound, which is 
then dried. High electrostatic 
potentials are generated on _ the 


sheets in the drying process, and 
have to be discharged by leakage 
conductors. The impregnated roll 
is then cut into 4-ft. squares. 
Depending on the ultimate thick- 
ness required— which may be from 
1/64 in. to 9 in.—a nvmber of 
these squares is placed between each 
pair of heating plates of a steam 
heated hydraulic press. After being 
subjected to a pressure from 150 to 
1,000 tons, the sheets are baked to 
complete the setting of the resin. 


The thinnest sheets are used for 
the manufacture of rod and tube, 
being rolled on to suitably shaped 
steel formers, and after removal of 
the formers from the rod material 
both rod and tube are processed in a 
second steam heated hydraulic press. 

Careful inspection is carried out at 
pene stage, and final tests are made, 
after all rough edges have been 
removed, before the finished pro- 
duct is ready for despatch. 


Uses in the Factory 


Although frequently taking the 
place of metals and other materials 
Tufnol is not to be regarded merely 
asa substitute. Its properties present 


“TUFNOL” mark of 


Tafnol Ltd. 


is the registered * trade 
Perry Barr, Birmingham. 


definite advantages that commend 
it for particular uses. It can) be 
machined accurately with ordinary 
engineering tools, and because of its 
toughness and) resistance to ordi- 
nary wear it has many uses in the 
factory and workshop. Sheet up to 
1/16 in. thick can be punched with- 
in the same limits as brass of a 
similar thickness. Rods and square 
and rectangular bars can be drilled 
and tapped in any direction without 
splitting. 

Perhaps one of its most obvious 
uses in the workshop is in the 
making of drilling and routing jigs. 
Being so easy to machine, a con- 
siderable saving in time can be 
effected in making such tools, the 
lightness of which makes for greater 
ease in subsequent handling. This 
particular product weighs half as 
much as aluminium, 

Gear wheels cut from Tufnol are 
used on all kinds of drives from 
clock and meter movements to 
gears for transmitting high horse- 
power; in fact, their horse-power 

capacity when fully shrouded 
(which is not normally necessary, 
however) is equal to that of 
machine-cut cast iron gears. Their 
resilience enables them to transmit 
the load smoothly with consequent 
silence in operation, «nd_ they 
absorb shock and thus prolong the 
life of the metal mating wheels. 

Where non-metallic bearings are 
suitable for the work required, Tuf- 





Fig. |.° 
Oven? (cover removed), made of Tufnol 


Thermostatically controlled crystal 


nol bearings have long life and in 
suitable applications will have a 
longer life than hearings of any 
other practicable material. Con 
siderable economies are effected 
since water lubrication is usually all 
that is required, and replacements 
are needed less often. In addition, 
shafts are not scored. 


Moulded ball insulators are made 
for working potentials of 660 volts 
and are, in fact, proof-tested at 2.2 
KV. They are suitable for use in 
any climate and, being designed for 
working loads of up to 2 tons, are 
practically unbreakable. 


‘Applications to Electronics 


Among the more obvious elec- 
tronic uses of this material are 
valve-holders, terminal boards, coil 
bases and coil formers. New types 
of life-testing equipment incor- 
porating double-action Tufnol cams 
are used for applying endurance 
tests to electronic components such 
as plugs and _ sockets, potentio- 
meters, switches and for flexing 
tests of cables. The photo shows a 
thermostatically controlled crystal 
oven (for frequency control appara- 
tus) made of Tufnol. Heat-resisting 
Tufnol is being used, too, in many 
forms in R.F. heating apparatus, in 
transformer rectifier units and in 
thermal cut-outs. 

Perhaps one of the most interest- 
ing uses is in the construction of the 
1,000-ton -proton-synchrotron at 
Birmingham University. The radial 
magnetic field for this equipment is 
produced by an_ electro-magnet 
energised by a current of 12,500 
amperes flowing along 144 turns of 
laminated copper strip weighing 9 
tons. Due to the heat generated, 
these turns have to be forced-air 
cooled at 15,000 cu. ft./minute and 
therefore have to be air-spaced as 
well as electrically insulated. 7,000 
pieces of Tufnol strip are used for 
this purpose, having to withstand 
compressive stresses, due to electro- 
magnetic forces, up to 480 lb. per 
square inch. 

This brief survey can only touch 
on a few of the many applications 
known to the manufacturers, who 
are always glad to hear of any un- 
usual uses of their product, or to 
give advice on possible applications. 
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CORRESPONDENCE 


The Electronic Engineering Home-Built 
Televisor 


Dear Sir,—I feel that I must 
draw attention to the undesirability 
and indeed danger of using unspeci- 
fied components when building the 
Electronic Engineering Telewisor. 

I had the opportunity at Radio- 
lympia of meeting a large number 
of constructors, the majority of 
whom reported having had excellent 
results with their Televisors. 


Unfortunately there were a few 
who had not had the same good 
fortune. Careful questioning elicited 
the fact that the receivers had not 
been constructed strictly to detail, 
there being wide variations in the 
types of components used. 


In some cases, scanning equip- 
ment designed for other receivers, 
principally commercial models, had 
been substituted, while in other 
cases different types of valves, 
transformers, and capacitors were 
employed. 


It cannot be stressed too strongly 
that for optimum results, only the 
components which are _ specified 
should be used, since a considerable 
amount of work has been entailed 
in testing and ensuring that the 
components which are specified are 
suitable for the circuits and reliable 
in overation. 


I should be most grateful if you 
would bring this information to the 
notice of your readers. 


Yours sincerely, 
W. I. Frack 


We should like to emphasise the 
remarks contained in Mr. Flack’s’ 
letter. 

It has been brought to our nolice 
that some home constructors are, 
for example, using not only unspeci- 
fied components for the Home Built 
Televisor, but are making radical 
changes in the design by the substi- 
tution of ex-Government apparatus 

While it is technically possible to 
use, say, a surplus 45 Mc/s. I.F. 
strip in the Televisor, a fully satis- 
factory picture cannot be obtained 
and we cannot accept any responsi- 
bility for the ultimate performance 
nor can we undertake any alterna- 


tive designs. 
EpitTor “ E.E.”’ 


Membership of Learned Societies 


Dear S1r,—Many and varied have 
been the comments made in the past 
about the mysterious questions 
asked by the Civil Service Commis- 
sioners on application forms for 
Government posts. May I com- 
ment further and quote from a 
recent ‘“‘ Official Appointments ”’ 
— observed in the daily press 
thus :— 


‘*Instruments Engineer (Elec- 
tronics) urgently required ... must 
either be Corporate Members of 
the Institution of Civil, Mechani- 
cal or Electrical Engineers or have 
passed examinations recognised 
as exempting from sections A 
and B... have had several years 
of experience in the field of elec- 
tronic engineering, etc., etc.”’ 
This wording is typical of many 

advertisements for such vacancies in 
both the Electrical and Mechanical 
fields of Government employment 
which I personally have observed 
over recent months. 

Surely officialdom can differentiate 
between the three professional insti- 
tutions sufficiently to give each its 
pride of place in its own particular 
sphere of activity? 

I know of few civil engineers who 
are qualified in electronics and I 
have yet to meet a member of my 
own Institute who is primarily en- 
gaged as a civil engineer unless such 
membership is an additional quali- 
fication subordinate to corporate 
membership of the “‘ Civils.”’ 


Yours faithfully, 


Gorpon A. SPENCER, 
A.R.I.C., A.M.I.E.E. 


The Design and Limitations of D.C. 
Amplifiers 


Dear Sir,—The article on ‘‘ The 
Design and Limitations of D.c. 
Amplifiers ’’ Part I, in the issue of 
September 1949, shows that the 
authors are not aware of the work 
carried out in America by the Radia- 
tion Laboratory and published in 
book form by McGraw Hill. The 
type of valve selected for the first 
amplifying stage is the most impor- 
tant factor determining the perfor- 
mance of a pD.c. amplifier. It 
seems’** that the 6J6 is useless as 


the two halves are not well matched 
and drift is serious. By analogy the 
UA55 will also suffer from these 
defects. |The best performance is 
apparently obtained from those twin 
triodes formed of two separate 
triodes in one envelope, the 6SL7GT 
being the best (the 6SU7 is a 
selected 6SL7GT). The new range 
of miniature valves 12AT7, 12AU7, 
12AX7 may also be of value, but 
so far no tests have been published 
and as always with miniature 
valves oxidation of the valve pins 
may be a serious draw-back. 


Yours faithfully, 
T. V. VERNON, 
Farnborough, Hants. 


1. Vacuum Tube Amplifiers, Radiation Laboratory 
Series, Vol. 18, pp, 462, 445. 


2. Electronic Instruments, Radiation Laboratory’ 
Series, Vol. 21, p. 513, Section 16.6. 

3. Components Handbook, Radiation Laboratory 
Series, Vol. 17, Section 14.3, pp. 568-9. 

The Authors reply: 
We think your correspondent 


makes rather sweeping statements: 
are there any figures to substan- 
tiate the relalive performances of 
the various valves as a function of 
unbalance produced by a_ given 
change in heater current? At 
present the complete set of the 
McGraw Hill books is still not 
available here, and at the time our 
article was written none was avail- 
able, so it is not surprising that we 
did not quote them. 


Both the 6 (or 12) SL7, and the 
6J6 have rather high grid currents, 
at least in some specimens. Care- 
ful selection of whalever type of 
valve is chosen is essential. It may 
be worth remarking that we have 
used 1634’s with satisfactory results, 
the heater current of these is only 
0.15 amp., and for that reason they 
are more convenient than 6J6’s. 


Variable Frequency R.C. Oscillators 


It is regretted that there were two 
omissions from the formule for f 
and # printed in the letter from 
Messrs. Bacon and Clark in the 
October issue. The corrected for- 
mule read: 


f = (tan 7/n sin 7/n)/7CR, and 
B = (tan 7/n sin T/n)/7. 
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Type 37A Turns Checker 
(Illustrated above) 


HIS instrument has been designed to 

provide an accurate means of checking 
the turns on field and armature windings of 
electric motors. 

The coil to be tested is placed on a closed 
magnetic cored jig. The number of turns 
on the coil are indicated on a two-range 
meter calibrated O—1!,000 and 0—250 turns. 
This provides a quick method of sorting 
coils of similar physical shape. The ranges 
give 20 and 5 turns per division respectively. 

For more accurate measurement a turns 
decade is provided, and when used in con- 
junction with the special detector, the 
turns on a coil may be measured to | turn 
or | per cent, whichever is the larger. 

When using the decade, balance is 
indicated by means of lights showing if the 
decade setting is higher or lower than the 
coil under test. 

The instrument, including the jig, is 
rigidly constructed and finished wrinkle 
black. The panel is machine engraved. 

Price : £70 net. Size of jig, 14 in. by 
ing Samwell & Hutton, 

Combine Works, 


1, Goodmayes Road, 
liford, Essex. 


The Fielden Proximity Meter 


HE Fielden Proximity Meter is a general 

utility instrument suitable for application 
to many problems in industrial control and 
measurements. The instrument may be 
applied to any problem which can be 
resolved into a minute change in electrical 
capacitance relative to earth. This change 
may be produced either from a minute 
mechanical displacement or from a change 
in dielectric properties. 

The approach of any substance, con- 
ductor, insulator, solid or liquid, will change 
the capacitance of the terminating elec- 
trode, and this change is recorded on the 
meter. The Set Zero control knob enables 
the effective electrode capacitance to be 








balanced to zero at any value, and the other 
control knob adjusts the sensitivity of the 
equipment over a wide range. 

The instrument, which is a self-contained 
mains-driven unit, is housed in a light 
aluminium case conveniently arranged for 
bench use. The length of special R.F. 
cable which joins the test probe to the 
instrument is terminated in a length of 
4B.A. screwed rod, which facilitates the 
fixing of a suitabie electrode to suit the 
user’s application. 

The instrument has now conventional 
power pack and is powered through a 
suitable transformer from ‘‘ raw ’’ A.C. 


Fielden (Electronics) Ltd. 
Manchester. 


Induction Tracer 


A VERSATILE and highly sensitive, 
portable instrument for the tracing of 
unknown paths of cables and pipes, the 
tracing of cable faults and breaks in pipe 
lines, identification of cables, and depth 
determinations, by the induction method. 
In use, an alternating current is injected 
at one terminal of the cable or pipe line 
under test. This gives rise to an alternating 
magnetic field surrounding the conductor 
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> 
concentrically. If the induction trace is now 
placed into this field, £.M.F.’s will be 
induced in the special coils with which the 
instrument has been provided, and after 
suitable amplification these €.M.F’s are 
made suitable in a pair of headphones. The 
magnitude of the E.M.F. falls off as the radial 
distance between the conductor and coils 
increases. 

The instrument is a self-contained port- 
able unit comprising a wooden carrying 
case, two special detector coils, a combined 
l.t. and h.t. battery, a pair of piezo-electric 
headphones, and a three-stage amplifier. 


Specification. 

Dimensions of case : 12 in. by 12 in. by 
6 in. wide. 

Weight (complete) : II Ib. 

Power consumption: 200 mA at 1.5 
volts, 0.35 mA at 69 volts. 

Valves : 3 Mullard type DAF 91. 


Amplifier gain: 100 dB max. approx., 
ecxl. transformer. 
Sensitivity: | mA at | Kc/s. at 50 feet 
approx. 
Selectivity : Linear, and tuned to | Ke/s. 
respectively. 
Addison Electric Co., Ltd. 


163, Holland Park Avenue, 
London, W.11. 
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D.C. Motor Control Equipment 


Bing semen speed control equipment 
was shown at the Engineering and 
Marine Exhibition by both British Thomson- 
Houston and Philips Electrical Ltd. 

A general view of the B.T.H. ‘‘ Emotrol ”’ 
panel is shown on right. Panels are available 
from stock to give a speed range of 20 to | 
for |, 3, 74 and 15 h.p. motors, and can be 
supplied for motors up to 750 h.p. Normally 
speed regulation is kept within + 2 per 
cent, but for special requirements this. 
figure can be reduced to +0.2 per cent 
operation from A.C. mains. 

British Thomson-Houston_Co. Ltd. 
Rugby. 


TH control unit of the Philips 
**Motronic’’ equipment is illustrated 
below. Other items, not shown, are a 
rectifier cubicle to supply the necessary 
power to the armature and field of the 
motor, and a push-button. station which 
may be remotely situated. Typical applica- 
tions are for motors used in wire and 
thread drawing plant, lathes (practically 
dispensing with gearing) and wind-up 
drives for film, cellophane, etc., where 
tension compensation is required. 


Philips Electrical Ltd. 
Century House, Shaftesbury Avenue, 
London, W.C.2. 
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New Stud Potentiometer 
(lilustrated on right) 


NTRODUCED to meet the need for a 

neat, totally enclosed, improved substitute 
for the wafer switch and its externally 
connected resistance network, the Erie 
Stud Potentiometer has greater life and low 
contact resistance—features that also 
enable it to be produced rapidly at very low 
cost. The resistor 
elements can be sup- 
plied in the standard 
range from 10 ohms 
to 10 megohms +20 
per cent. Types avail- 
able are non-switch 
with nine steps and 
DPST switch with 
seven steps. Dia- 
meter 1% in. (ex- 
cluding tags). Bush 
sizes, 0.375 in. (32 
T.P.I.) and 0.263 in. 
(32 T.P.I.). 


Erie Resistor Ltd. 
Carlisle Road, 
London, N W.9. 
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The Evans Quartz Crystal Clock 
(Illustrated above) 


E iio Evans quartz crystal clock has been 
tested by the National Physical Labora- 
tory as possessing a frequency instability 
from all causes of ten parts in a million. 
Thus, in timing events of one minute’s 
duration, the instrument is accurate to 
one-twelfth of a millionth of a second. 

Comprising a quartz crystal of low 
temperature coefficient (the frequency of 
which is reduced to 50 c/s. by a chain of 
electronic frequency dividers) and 1/100 
second synchronous electric stop clock, the 
device is contained in a sealed, temperature- 
controlled cabinet of approximately the 
same size as a portable typewriter and is 
as easy to carry. 

Plugged into normal A.C. main supply 
(200-230 volts), it is started and stopped by 
a key jack operated by any electrical device 
giving a simple ‘‘ make’’ contact. The 
clock can also be started, stopped, or reset 
by hand. The instruments which are 
laboratory built, are not being sold but 
placed out on a rental basis. A full replace- 
ment and repair service will be maintained, 
users in the London area being given a 
three hour’s replacement service. 

G. R. Evans, 
30, Mansfield Road, 
liford, Essex. 
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——THESE ARE IN STOCK— 


SOUND REPRODUCTION, by G. A. 
Briggs. 7s. 6d. Postage 4d 


INTERNATIONAL RADIO TUBE 
ENCYCLOPAEDIA, Ed. B. B. Babani. 
42s. Postage 9d. 


THE ELECTRONIC 6 adhd aise? 
INSTRUMENTS MANUAL, by 
Douglas. 18s. Postage 6d. 


HOME-BUILT TELEVISOR FOR 
SUTTON COLDFIELD, by W. |. Flack. 
4s. 6d. Postage 3d. 


THE RADIO AMATEUR’S HAND- 
BOOK, by A. R. R. L. 15s. 6d. Postage Is. 


RADIO VALVE DATA, compiled by Wire- 
less World. 3s. 6d. Postage 3d. 


RADIO ENGINEERING, Vol. 2, by E. K. 
Sandeman. 40s. Postage 9d. 


REFERENCE DATA FOR RADIO 
ENGINEERS, by W. L. McPherson. 5s. 
Postage 6d. 

CATHODE RAY TUBE TRACES by H. 
Moss, Ph.D. 10s. 6d. Postage 6d. 


PRINCIPLES OF RADAR, by M.!.T. 33s. 
Postage Is. 


HIGH QUALITY AUDIO AMPLIFIERS, 
Reprints from Wireless World. 2s. 6d. 
Postage 2d. 

We have the finest selection of British and 
American Radio Books in the country. 
Complete list on application. 


THE MODERN. BOOK COMPANY 


19-23, Praed Arex, LONDON, W.2 












































LEWIS'S aes Street 


invite inspection of their stock 
of books on all branches of 


RADIO and ELECTRICAL 
ENGINEERING 


Catalogue of Books on Electrical Engineering, 

Radio and Electronics, available on request. 

Foreign books not in stock, obtained under 
Board of Trade Licence. 








Secondhand Department 
140 Gower Street, W.C.| 


A constantly changing large stock of 
scientific and technical literature on 
view. 


Books sought for and reported free 
of charge 





Large or small collections bought 





LONDON: H. K. LEWIS & Co. Ltd. 
136 GOWER STREET, W.C.! 
Telephone : EUSton 4282 





Established 1844 
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The Electronic Musical Instru- 


ment Manual 
By Alan Douglas, Vil. 143 pp. 106 Figs. 
Sir Isaac Pitman & Sons, Ltd. 
Ist. Edition, 1949. Price I8s. 


HIS is a disappointing book. The 

first impression is admittedly a 
good one, created largely by the liberal 
use of illustrations and by the clean 
printing on good quality paper, but 
this impression soon fades. For the 
rather high price of 18s., the purchaser 
will expect a rather high standard of 
completeness and accuracy, but unfor- 
tunately there are far too many 
obsecurities and ambiguities, peculiar 
phrasings and outright errors, These 
blemishes will confuse the novice and 
irritate the expert. 

Although the author does not 
actually say so, he is really concerned 
only with electronic organs. This is 
probably the reason why there is no 
mention of such well-known instru- 
ments as the Theremin and the electric 
guitar. 

Many of the diagrams are incorrect. 
Fig. 1 shows a sine wave in which the 
amplitude is indicated as being twice 
the maximum 0: mage osm the fre- 
quency is carelessly shown as corres- 
ponding to 1} wavelengths. Fig. 
51(B) is ol. HP to show a _ phase- 
splitter but something has obviously 
gone wrong in the draughting. Fig. 58 
shows a push-pull amplifier without 
any connexion to the output cathodes. 
Fig. 23(B), an_electron-coupled oscil- 
lator circuit, shows no negative H.T. 
terminal, a serious omission in this 
type of circuit. 

requently there is lack of agreement 
between the drawings and the explana- 
tory text. Fig. 15 shows a complete 
sine wave, but the text descrikes it as 
“* one half cycle of the complete wave.’ 
The text also refers to ‘“‘ vertical 
lines ’’ but they do not appear in the 
diagram. Fig. 23(A) shows a simple 
valve oscillator with battery bias, but 
the explanation of its mode of opera- 
tion is incorrect; presumably the 
author meant to show a leaky-grid 
type of oscillator. The same passage 
refers to R and K, but these are not 
indicated in the diagram. In the same 
way, the reader will fail to find either 
the terminating resistance Ro in Fig. 
85, or the transformer T" in Fig. 39, 
or the valve V’ in Fig. eat), or the 
busbars A and C in Fig. 66 

On p. 50, it is said that ve Fig. 87 
shows two playing keys.”” The caption 
to this _ illustration, jhowever, is 
‘Valve Mixing Circuit,’’ while the 
drawing itself shows neither keys nor 
valves. 

Fig. 25 shows a simple neon-tube 
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‘relaxation oscillator—a type familiar 


enough in the art of electronic music— 
but the author states that ‘‘ The 
resistance must ensure a_ constant 
charging current, and a pentode valve 
is very suitable for this purpose.’ 
Clearly, he has confused this with the 
linear time-base in a_ cathode- -ray 
oscillograph: a constant charging 
current is quite unnecessary in a 
musical oscillator, and it is a relief to 
find that the author has not enlarged 
upon this remarkable statement. 

A very obscure reasoning appears 
on p. 42 in the description of the 
electrostatic type of generator (Fig. 
30). Apparently the variable capaci- 
tance must not have any current flow- 
ing through it and yet it is relied upon 
to generate the tone voltage. 

In Figs. 67 and 68 some rather un- 
usual and unaccountable capacitor 
values are shown, e.g., 0.0284, 0.255 
and 0.0987 (presumably yF), and in 
Fig. 92 the grid of the output amplifier 
valve is shown Bore to earth by a 
capacitor marked “ 50.’’ By implica- 
tion, this would sai ‘to be 50uF—an 
error with discouraging consequences. 

On p. 64 there is a detailed descrip- 
tion of Amplifiers Nos. 1 and 2, but 
there are no diagrams with these ‘titles 
to be found anywhere. The reader 
must deduce for himself that the 
relevant circuits are those given 
several pages further on in Fig, 52 and 
53 


Several equations are introduced into 
the text but the units are not always 
stated. For instance, what is the point 
of stating (as on p. 182) that the 
length of a circular (sic) steel bar to 
resonate at a frequency f is given as 
approximately 1075/ Vf without also 
stating the units? 

On p. 18 the frequency ratio corre- 
sponding to a semitone is said to be 
1:'V2. This should of course be 
The velocity of sound in air 
is given as 1180 ft./sec. on p. 8 and 
1056 ft./sec. on p. 79. 

Innumerable little peculiarities iri the 
text will annoy the careful reader. 
What, for instance, is ‘‘ alternately- 
rectified acc.””” dp, 71)? What is a 

** condenser amplifier ’’ (p. 92)? The 
treatment of photoelectric cells (p. 44), 
the loading of an oscillator (p. 49), 
and impedance: matching (p. 58) is 
almost completely confused. In des- 
cribing the beat-frequency oscillator, 
the author states (p. 35) that ‘‘ The 
increased sensitivity of this type of 
oscillator enables a somewhat wider 
frequency range to be covered.” In 
describing the . —* ty 
of generator, be says “The 
pickups are of such A ea ee in 
every case this is a smaller than the 
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REVIEWS 


wavelength of the required harmonic.” 
On p. 70 he says that “ high-gain 
amplifiers cannot’ be _ successfully 
operated from a D.c. source of 200/250 
volts.’’ Surely he means ‘“‘ high-power 
amplifiers.” 

he list of references is spoiled by the 
sparseness of its details, and it is a 
pity that no mention has been made of 
such important papers as the one by 
Winch and Midgley (J.I1.E.E., June 
1940). With a single exception, all the 


papers referred to are more than 10 
years old. 

The index is inadequate and _ ill- 
balanced. 


A book with as many faults as this 
one has cannot be recommended. 
Especially in the field of electronic 
music where non-technical i 
readers may be trying to absorb the 
details of cirenit design, accuracy and 
clarity of expression are vital, and this 
is where the book leaves so much to be 
desired. If the publishers can be per- 
suaded to issue a second edition, the 
author should take the opportunity to 
make a thorough revision: it is badly 
needed, 

S. K. Lewer. 


Technical Dictionary 


By Hans Thali, Volume Il, German-English- 
French. 311 pp., 1948. (H. Thali & Co., 
Hitzkirch, Switzerland). Price 35s. 


N the Report on the Scientific 

Information Conference of the Royal 
Society 1948 it was stated that ‘ there 
is a great need for bilingual glossaries 
of particular subjects (e.g., German- 
English Glossary of Electronics ).”’ 
Although the book under review is a 
dictionary and not a glossary, i.e., it 
does not give an explanation of the 
technical terms, it will serve the pur- 
pose of a glossary to some extent or, 
at least, can do that if used together 
with a modern monoglot glossary of 
electronics. e.g., that of Cooke and 
Markus. This is due to the fact that 
of the total of 24,000 entries 1,800 are 
specialised expressions adopted by the 
International Electrical Commission and 
the International Committee on IJllu- 
mination respectively, and a {further 
2,000 entries are those used in the 
*€ Vocabulaire téléphonique inter- 
national.’’ These entries are marked 
with special symbols. 

The first volume containing the Eng- 
lish-French-German version appeared 
first in 1946 and in a second edition in 
1947, and was at that time recom- 
mended as “a useful addition to the 
radio engineer’s library” (Electronic 
Engineering, 1947). Compared with this 
the number of entries has been ex- 
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tended from 13,500 to 24,000 word places 
while the size of the book was increased 
from 277 to 311 pages only. This was 
made possible by using smaller but still 
very clear type so that the items per 
page could be increased from an aver- 
age of 60 to about 80. The table of 
chemical elements, and the conversion 
tables contained in the first volume are 
not repeated in the second. 

The dictionary, although mainly con- 
cerned with electrical engineering, 
radio, television and telecommunica- 
tion, includes also the most important 
terms of acoustics, illumination, mathe- 
matics, materials, optics, heating, etc. 

A few small points may be men- 
tioned in which the English or Ger- 
man expressions are not those most 
frequently used. ‘‘ Zihlen’’ might be 
translated better by ‘‘ count’ than by 
‘*number.”’ ‘‘ Nachbarortsverkeher ”’ 
is usually expressed here by “toll 
traffic,”’ although ‘‘ junction traffic ’’ is 
apparently used in the international 
telephonic vocabulary. The word 
‘* Walzlager ’’ appears to be of Swiss 
usuage, while in the Reich ‘‘ Walzen- 
lager’’ is used more commonly for 
‘roller bearing’? and ‘‘ Walzlager ”’ 
comprises both ball and roller bearings, 
It may be doubted whether ‘‘ mehr- 
stellig ’’ is -adequately rendered by 
“* multiple.” 

But these are minor blemishes which 
may well be corrected in a second edi- 
tion and which in no way impair the 
great value of this very useful! and 
thorough piece of work. The book is 
well produced and the author-publisher 
may be thanked for, and congratulated 
upon this welcome addition to the elec- 
tronic engineer’s tools. 

R. NEUMANN. 


Introductory Radio—Theory 
and Servicing 


By H. J. Hicks. VIII, 393 pp. with a Teacher’s 
Manual of 42 pp., 259-48 illustrations. 1949. 
McGraw-Hill Publishing Co. Ltd. Price 34s. 


HIS book is principally written to 

serve as a guide for teachers in 
courses dealing with the servicing of 
radio and television receiving sets. 
But it may also be used as a first intro- 
duction to radio theory for home study, 
and only a very slight amount of 
mathematical knowledge is required for 
its understanding, Throughout, the 
principal stress is laid on_ practical 
aspects. 

A brief introductory chapter deals 
with the elements of magnetism and 
electricity, and a number of problems 
are given for computation. No prob- 
lems are given for the other chapters, 
but in the teacher’s manual some 
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by 


E. E. Zepler 
Ph.D., M.Brit.1.R.E. 


Second Edition, Revised 


410 pages 283 figures 25s. net 
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RECORDING 


by 
John G. Frayne & Halley Wolfe 
686 pages 483 illusts. 51s. net 


Recently Published 


RADIO 
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by 


E. K. Sandeman 
Ph.D., B.Sc., A.C.G.1., M.LE.E. 


VOLUME I. 

800 pages Illustrated 45s. net 
VOLUME II. 

608 pages 192 figures 40s. net 
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MEASUREMENTS 
WITH 
NUCLEAR 
EMULSIONS 


by 
Herman Yagoda 
366 pages 75 figures 30s. net 
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A NEW 
FIELDEN 
TECHNIQUE 


in micro-measurement and 
control 


FOR ANY INDUSTRIAL OR RE-- 


SEARCH PROBLEM RESOLVABLE 
INTO MINUTE ELECTRICAL 
CAPACITANCE CHANGE 


ACTUATION BY PROXIMITY of solid 


di Z t 


or liquid s or 





s to an 
| 


I cable 





electrode terminating a 


The Fielden 
Proximity 
Meter— 
Sensitivity 
0.01 pF—in- 
dicates minute 
capacitance 
changes, 
whether 
caused by very 
small mech- 
anical dis- 
placement or 
dielectric 
change. It measures, for instance, strains in 
structures, it gauges components to less than 
0.00001 in., monitors sheet, foil and wire 
sizes, measures liquid and other levels precisely, 
monitors dimensions and compositions, com- 
pares dielectric properties of non-conducting 
liquids, etc. It does what is impossible 
mechanically and, in many fields, surpasses 
all other micro-measu-ement methods. 





The Fielden Tektor-Sensitivity 0.25 pF— 
is a wumique, stable, high-speed capacity 
telay which solves many problems of 
counting, temperature control, level 
control of liquids and solids, and so on 
where simple direct-switching is im- 
possible ‘ 


Please send for Specification FE/s to the 


SPECIALISTS IN INDUSTRIAL 
ELECTRONIC EQUIPMENT 


Fielden. 


(ELECTRONICS) LIMITED 


HOLT TOWN : MANCHESTER 


Tel ; ARDwick 2619 
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BOOK REVIEWS (continued) 


** quizzes ’’ will be found suitable for 
reviewing the material contained in the 
respective chapters. 

In the second chapter useful practi- 
eal nints are given for the soldering of 
connexions, and then the construction 
of simple receivers is described in 
detail. So the student is led to do 
practical work from the start. It will 
be noticed that frequently expressions 
are used in the text which are explained 
only in a later part of the book. But 
as the index is carefully written the 
reader will have no great difficulty in 
finding out what is meant. 

The third chapter gives a clear ac- 
count of vacuum tubes, with their 
characteristics and the methods for 
obtaining them. The purpose of screen 
grid and suppressor grid, and the influ- 
ence of the spacing of the turns of the 
control grid on the cut-off and the am- 
plification factor, are explained. 

The rext two chapters deal with 
audio amplifiers and power supplies. 
Comparative diagrams are given of the 
different kinds of amplifier couplings, 
and a clear graph shows the opera- 
tional conditions for the various ampli- 
fier classes. Full- and half-wave recti- 
fication and the principles of filter cir- 
cuits are explained. Special sections 
deal with trouble hunting and the 
elimination of hum due to faults in the 
power supply. 

The next two chapters describe and 
illustrate the straightforward and the 
superhet A.M. receivers and the F.M. re- 
celvers with their accessories. It is 
quite characteristic for the way in 
which A.c. theory is interspersed in the 
various chapters of the book that ex- 
pressions like reactance, impedance, 
lag and lead are explained not before 
they are required in dealing with rm 
receivers. 

The 8th chapter is the longest and 
probably the most useful for the ser- 
vicing of receiving apparatus. It deals 
with the test equipment and the 
general methods used for trouble hunt- 
ing. Among other equipment the 
c.R.o. and the tube voltmeter are 
explained. 

Special chapters are devoted to 
public address systems, aerials and 
television, and in the last chapter 
some additional information is given 
on phototube circuits, the design of 
radio transformers and of demonstra- 
tion boards, which are not only useful 
for demonstration purposes but also as 
objects for practical class-work of the 
pupils. 

A large number of appendices gives 
further useful information. In the 
table of formule on page 8382 that for 
calculating the resistance of a given 
length, cross-section and material as 
well as a table of specific resistances is 


missing although these may be found, 
of course, in every electrical pocket 
book. This also applies to some of the 
other tables given in the appendix. 

The author being an American, the 
apparatus described and the valve 
types are those of American manufac- 
turers. But this should not lead to 
difficulties as a valve manual or equiva- 
lent table may be used, and every 
dealer of radio equipment will be able 
to propose suitable British valves if the 
characteristics of the respective U.S.A. 
type are given to him. The ‘‘ commer- 
cial frequencies ’”’ given on page 28 are 
those used in the U.S.A. 

Some minor points may be men- 
tioned which might be revised in a 
second edition. The brief paragraph 
on push-pull amplifiers gives some 
statements which might well be ex- 
plained in some greater detail. The 
terminals in Figs. 85 and 86a are not 
designated in the same manner and the 
explanation of Fig. 42 (c) is not very 
clear. No explanations are given in 
the text referring to Figs, 112 and 183. 

The book is well produced and can be 
recommended to teachers, students and 
practical servicing technicians. 


R. NEUMANN. 


Wireless World Diary, 1950 


Wireless World Diary, 1950. Published on 

October 12th, 1949, at 3s 44d. (including 

Purchase Tax) by Iliffe & Sons Ltd. Size 

4} in. by 34 in: wide. 80 pages of reference 

material—plus the usual Diary pages of a 
week to an opening. 


oe reference pages of this diary, 
now in its 82nd year of publication, 
contain information, mostly technical, 
of the kind that every wireless man 
needs, but can seldom memorise. The 
data is that most widely useful in the 
design and maintenance of radio equip- 
ment. In addition there are general 
reference pages giving a summary of 
existing regulations affecting the wire- 
less user (including a page on the new 
Wireless Telegraphy Act) addresses of 
radio organisations, etc. 

Compiled by the technical staff of 
Wireless World, the section includes a 
large selection of useful formule, abacs 
for easy graphical estimation of such 
things as coil windings and circuit con- 
stants, lists of unit abbreviations, defi- 
nitions and classifications, with a num- 
ber of miscellaneous circuit diagrams. 
In addition to general revision of the 
reference pages, the valve base tables 
have been entirely re-organised, and 
connexions for over 500 valves are now 
given in more convenient form. 

Data for television and extra-short- 
wave aerials has been revised to meet 
the projected new B.B.C. services. 
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NOTES FROM THE INDUSTRY 


Appointment of Chief Scientist to the 
Ministry of Supply 


The Minister of Supply has ap- 
pointed Mr. H. M. Garner, C.B., to be 
Chief Scientist of the Department, in 
succession to Sir Ben Lockspeiser; 

For the last three years Mr, Garner 
has been Principal Director of Scientific 
Research (Air) in the Ministry of 
Supply. 


Constitutional Changes at the 
University of Bristol 


From the beginning of September, 
the Society of Merchant Venturers 
were no longer responsible for the ad- 
ministration of the Engineering Faculty 
and the College, and the title ceased to 
exist. The administration of the 
Faculty is now carried on as for the rest 
of the University, and is entirely 
separate from that of the College. : 

The College is now known as _ the 
College of Technology, and owned by 
the Bristol Corporation; while part of 
it, which is leased to the University, is 
known as the University Engineering 
Laboratories. 

At the same time as these changes 
took place, the existing Department of 
Commerce of the Merchant Venturers 
Technical College became an independ- 
ent college, also under the control of 
the Corporation of Bristol, known as 
the College of Commerce, Bristol. 


Amateur Radio” Exhibition 


The Third Annual Amateur Radio 
Exhibition organised by the Inc, Radio 
Society of Great Britain, will be 
opened at the Royal Hotel, Woburn 
Place, London, W.C.1, at 2.30 p.m, on 
Wednesday, November 28rd, 1949, by 
Lord Sandhurst, O.B.E. 

Included in_ the __ representative 
gathering are the following concerns: 

Standard Telephones & Cables, Ltd.; 
G.P.O. Engineering Dept.; Webb’s 
Radio; Quartz Crystal Co.; Radiocraft, 
Ltd.; Oliver Pell Control. Ltd.; Tele- 
gra h Condenser Co., Ltd.; E. J. 

hilpott’s Metalworks, Ltd.; Salford 
Electrical Instruments, Ltd., Iliffe & 
Sons, Ltd.; Denco (Clacton), Ltd.; 
Taylor Electrical Instruments, Ltd.; 
Cyril French, Ltd.; Alfred Imhof, Ltd.; 
Automatic Coil Winder & Electrical 
Equipment. Co., Ltd.; Air Ministry; 
Southern Radio & Electrical Supplies; 
Sangamo Weston, Ltd.; Electronic 
Engineering; New Eya Publishing Co., 
Ltd.; General Electric Co., Ltd.; Woden 
Transformer Co., Ltd.; E.M.I. Sales & 
Service, Ltd., and Short Wave Maga- 
zine, Ltd. 

Admission will be by catalogue issued 
free to members. Non members may 
purchase a catalogue at the door (price 
1s.), or obtain a copy in advance from 
the Radio Society of Great Britain 
(price 1s, 8d. post free). 


India 


The United Kingdom Trade Commis- 
sioner in Madras reports that a Madras 
firm, Messrs, Radio & Electricals, Ltd., 
of 1/298 Mount Road, Madras, is seek- 
ing agencies on behalf of United King- 
dom firms. Messrs, Radio Electricals, 
Ltd., are particularly interested in (a) 
Radio receivers; Transmitters; (b) 
Domestic Electrical Wiring and Light- 
ing Accessories; (c) Power Transform- 
ers, H.T. Switchgear and Insulators. 
They are interested in low price rather 
than luxury lines. 

The firm would propose to act on a 
commission basis and would cover the 
whole of Southern India, including the 
States of Mysore, Hyderabad, Travan- 
core and Cochin; also the adjoining 
provinces of Orissa and Central Pro- 
vinces, 

The firm is considered to be of good 
commercial standing and a reliable con- 
tact for United Kingdom firms. 

Firms interested are requested to con- 
tact Messrs. Radio & Electrical, Ltd., 
direct, and advise the Board of Trade 
of any action taken in the matter, 
quoting reference number CRE(IB)- 
24444 / 49, 


The Osram Valve and Electronics 
Department 


The General Electric Co., Ltd. an- 
nounce that the department previously 
known as the Osram valve department 
will in future be known as the Osram 
valve and electronics department. 

The reason for the change is that the 
department has widened its scope to 
deal with the rapidly expanding world 
of electronics. It will now handle 
the sales and technical inquiries in con- 
nection with transmitting and receiving 
valves, electrometer valves, magne- 
trons, television and industrial cathode- 
ray tubes, photocells and auxiliary 
apparatus, voltage stabilisers, current 
stabilisers (barretters), visual tuning 
indicators, neon indicators, thyratrons, 
ionisation gauges, Geiger-Muller tubes 
and lighting arrester vacuum tubes. 


New Depot for Aerialite, Ltd. 


Messrs. Aerialite, Ltd., of Castle 
Works, Stalybridge, Cheshire, have 
opened a new depot at 44-45 Suffolk 
Street, Birmingham, to serve the Mid- 
lands. In the new depot it was pro- 
posed to stock a large range of their 
products, including Ashton cables and 
flexibles, Aerialite automobile cables, 
and radio and television aerials. 


Change of Address 


The Mica Directorate moved recently 
from Horseferry House, Thorney Street, 
London, S.W.1, to Empire House, St. 
Martins le Grand, London, E.C.1. 
(Telephone : CLErkenwell 7931). 


Publications Received 


Radio for Merchant Ships 


Performance specifications for com- 
pulsorily and voluntarily fitted radio 
telephone equipments. H.M, Stationery 
Office, price 6d. 


The Electron Microscope 


This is a brochure issued by the 
Plessey Co., simply describing Electron 
Microscope techniques and containing 
a full specification of their own 
instrument. From The Plessey Co., 
Ltd., Ilford, Essex. 


Leak ‘‘ Point One’ Amplifiers 


A booklet containing descriptions of 
high performance amplifiers manufac- 
tured by H. J. Leak and Co., Ltd., 
Brunel Road, Westway Factory Estate, 
London, W.38. 


Preliminary Data o 
Recorder ‘‘ Tape Deck 


A leaflet issued by Wright and 
Weaire, Ltd., 188 Sloane Street, Lon- 
don, S.W.1. 


Electrical, Radio and Television Com- 
ponents 


A 19 page catalogue containing par- 
ticulars of new radio and _ electrical 
components produced by Mullard Elec- 
tronic Products, Ltd., Century House, 
Shaftesbury Avenue, W.C.2. 


Wearite Magnetic 


The Aluminium Courier (Electrical 


Issue) 


This issue of the quarterly publica- 
tion is devoted to activities in the 
electrical trades. The Aluminium 
Courier is mainly addressed to users 
and prospective users of aluminium 
and its alloys. 

The Aluminium Development Asso- 
citation, 88 Grosvenor Street, W.1. 


The Somerford Range of Transformers 
and Chokes 


An easy-reference catalogue of their 
roducts, post free from Gardners 
Radio, Ltd., Somerford, Christchurch, 
Hants. 


Electric Wiring Systems 


This British Standard Code of Prac- 
tice publication (No. CP 821.101) makes 
recommendations for safe and efficient 
installations of power, lighting and 
heating circuits in buildings. Price 
4s., post free, from British Standards 
om 24/28 Victoria Street, 

Wl. 


Electrolytic Capacitors 


A description of all radio and indus- 
trial capacitors manufactured by 
British Electrolytic Condenser Co., 
Ltd., a subsidiary of The Plessey Co., 
Ltd., Ilford, Essex. 





The Institution of Electrical Engineers 


Unless otherwise stated, all meetings 
are held at the Institution of Elec- 
trical Engineers, Savoy Place, London, 
W.C.2, 


Radio Section 


Date: November 16. Time: 5.30 p.m. 
Lecture: ‘‘ Some Considerations in the 
Design of Negative Feedback- 
Amplifiers.” 
By: W. T. Duerdoth, B.Sc.(Eng.). 
Date: November 28. Time: 5.30 p.m. 
Discussion: ‘* Achievement of Relia- 
bility in — Equipment.”’ 
Opened by: G. . Sutton, Ph.D., 
B.Sc., and F. E. McGinnety, M.Sc. 


The Secretary, Institution of Electrical 
oo Savoy Place, London, 
2. 


Cambridge Radio Group 


Date: November 1. Time. 8.15 p.m. 

Held at: The Cavendish Laboratory, 
Cambridge. 

Lecture ‘‘ Some Recent Advances in 
the Design of High-Energy Electron 
Accelerators.”’ 

By: D. W. Fry, M.Sc. 

Secretary: G. E. Middleton, M.A., 
University Engineering Laboratory, 
Cambridge. 


Mersey and North Wales Centre 


Date: November 7. Time: 6.30 p.m. 

Held at: Liverpool Royal Institution, 
Colquitt Street, Liverpool. 

Lecture: ‘‘ The Motor Uniselector and 
the Technique of its Application in 
Telecommunications.”’ 

By: W. H. Grinstead, M.B.E, 

Secretary: A. V. Milton, 12 Bevington 
Hill, Liverpool 3. 


North Eastern Radio and Measurements Group 


Date: November 7. Time: 6.15 p.m. 

Held at: King’s College, Newcastle-on- 
Tyne. 

Lecture: ‘‘ Some Considerations in the 
Design of Negative Feedback-Ampli- 
fiers.”’ 


By: W. T. Duerdoth, B.Sc.(Eng.). 
Secretary: G. A, Kysh, Cariol House, 


Newcastle-on-Tyne 1. 
North-Western Radio Group 


Date: November 16. Time: 6.30 p.m 

Held at: The Engineers Club, Albert 
Square, Ma‘nchester. 

Lecture: ‘‘ Hot-Cathode Thyratrons: 
Practical Studies of Characteristics.”’ 


By: H. de B. Knight, M.Sc. 


Secretary: A. L, Green, 244 Branting- 
ham Road, Chorlton-cum-Hardy, 
Manchester 21. 


Rugby Sub-Centre 


Date: November 29. Time: 6.30 p.m. 

Held at: The Electricity Showrooms, 
High Street, Rugby. 

Lecture: ‘‘ Magnetic Amplifiers.’ 

By: A. G. Milnes, M.Sc.(Eng.). 
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NOVEMBER MEETINGS 


Lecture: ‘‘ The Theory and Design of 
Magnetic Amplifiers.” 

By: H. M. Gale, B.Sc.(Eng.), 
P. D. Atkinson, M.A. 

Secretary: J, H. Walker, M.Sc., Ph.D., 
A.C. Engineers Dept., The B.T.H. 
Co., Ltd., Rugby. 


The Institution of Post Office Engineers 


Date: November 15. 
Held at: Institution of Electrical 
Engineers, Savoy Place, Victoria 
Embankment, London, W.C.2. 
Lecture: ‘‘ Some Aspects of Telephone 
Engineering Practice in Germany.”’ 
By: N. V. Knight, B.Sc., A.M.I.E.E. 
Date: November 23. Time: 5 p.m, 
Held at: Conference Room, 4th Floor, 
ol—€, Bridge House, London, 


and 


Time: 5 p.m, 


‘* The Engineer as an Admini- 
99 


-K.1. 
Lecture : 
strator. 


By: C. J. Gill, A.M.I.E.E. 


Local _ Secretary: W. 4H. Foz, 
A.M.I1.E.E., Engineer-in-Chief Office. 
(TP. Branch), Alder House, Lon- 
don, E.C.1. 


British Institution of Radio Engineers 
London Section 


Date: November 17. Time: 6.30 p.m. 

Held at: London School of Hygiene 
and Tropical Medicine, Gower Street, 
London, 

Lecture : “Measurement of F.M. Trans- 
mitter Performance.” 

By: D. R. Willis. 

Merseyside Section 


Date: November 2. Time: 

Held at: Accountants’ 
Square, Liverpool. 

Lecture: ‘* Electronics in 
Design.”’ 

By: A. L. Whitwell. 


Scottish Section 


Time: 
Heriot Watt 


Heit” Thay 


Aircraft 


6.45 


Date: November 3. p.m 
College, 


Held at: The 
Edinburgh. 
Lecture: ‘The Performance and 
Stability of Permanent Magnets.’’ 

By: A. J. Tyrrell. 

North-Eastern Section 

Date: November 16. 

Held at: 
Tyne. 

Lecture: ‘‘ Dielectrics.” 

By: Mrs. E. Laverick. 

The General Secretary, British Institu- 
tion of Radio Engineers, 9 Bedford 
Square, London, W.C.1. 


Radar Association 


Time: 6 p.m, 
Neville Hall, Newcastle-on- 


Date: November 1. Time: 
Held at: Albert Tavern, 
Street, London, S.W.1. 

Monthly Meeting. 


Hon. Secretary, Technical Committee : 
J. C. Warren, 57 Gallows Hill, Kings 
Langley, Herts. 


7 p.m, | 
Victoria 


November, 1949 


The Television Society 


All meetings, unless otherwise stated, 
will be held at the Cinema Exhibitors’ 
Association, 164 Shaftesbury Avenue, 
London, W.C.2. 


Programme Group 


Date: November 3, Time: 7 p.m. 
Lecture: ‘‘ Television of the Future.” 
By: Maurice Gorham. 


Constructors’ Group 


Date: November 16. Time: 7 p.m. 
Lecture: ‘‘ The View Master—a new 
receiver for the Home Constructor.” 


y: W.I. Flack (Fellow) (T.C.C., Ltd.) 


Main Society 


Date: November 25. Time: 7 p.m. 

Lecture: ‘‘ Modern Developments in 
Television.”’ 

By: Dr. Leonard Levy. 

Lecture Secretary: T. M, C. Lance, 
35 Albemarle Road, Beckenham, 
Kent. 

Midlands Centre 


November 7. Time: 

Held at: Lecture Hall (1st Flog)” The 
Crown Restaurant, Corporation 
Street, Birmingham, 

Lecture : © The Relaying of Broad- 
ae and Television.’ 

By: L. E. C. Hughes, Ph.D., 

‘A.M.LE.E. 

(Joint meeting with the Institution of 

Electronics) 

Hon. Lecture Secretary: W. Summer, 
A.lnst.P., F.T.S., F.Inst.E., 31 Beech 
Road, Bournville, Birmingham 30. 


Inc. Radio Society of Great Britain 


Date: 


Date: November 18. Time: 

Held at: Institution of Electrical 
Engineers, Savoy Place, Victoria 
Embankment, London, W.C.2. 

Lecture: ‘The Radio Control of 
rae (Demonstration). 

By: Lt. C. Chapman, B.A., R.N., 
and Sa Cummins, A.M LEE. 

Hon. Secretary: James W. Mathews, 
New Ruskin House. Little Russell 
Street, London, W.C.1. 


British Sound Recording Association 
London Meeting 


6.30 p.m. 


Date: November 25. Time: 7 p.m. 
Held at: Royal Society of Arts, Lon- 
don. 
ae 


By: 


Loudspeakers. 
. P. Briggs. 


Birmingham Meeting 


Date: November 26, 

Time: 3 p.m. and 7 p 

Held at: ental” Temple 
Street, Birmingham. 

Lecture and Demonstration: Sound 
Recording and Reproducing Equip- 


ment. 
By: L. E. C. Hughes, Ph.D., 
A.M.I.E.E. 
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+ | RESISTANCE WIRES 


FOR HIGH VALUE FIXED & VARIABLE RESISTORS & POTENTIOMETERS 
FOR ELECTRICAL MEASURING INSTRUMENTS OF ALL TYPES 


FOR LOW RESISTANCE MEASURING & RADIO EQUIPMENT 
FOR STANDARD RESISTANCE EQUIPMENT 





Comprehensive details of 
the properties of these 


alloys and of recommended 
uses of our precision-drawn 
MINALPHA resistance wires are given 


in Booklet 1440, freely 
available to you on request 


MANCOLOY 10 
Specialised Products of 


Johnson 
NICKEL- 7 | nD 


CHROMIUM 
JOHNSON, MATTHEY & CO. LTD., HATTON GARDEN, LONDON, E.C./. 


Birmingham : Vittoria Street, Birmingham, | 


COPPER NICKEL 





GD 123 


QUICK ACTION TOGGLE SWITCH 


AN APPROVED 
COMPONENT 
































A QUALITY 
SWITCH 


ata 
COMPETITIVE PRICE 
PAINTON & CO LTD « KINGSTHORPE + NORTHAMPTON 
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FOR TRIMMER CONDENSERS 


and all radio components 
FREQUENTITE — FARADEX — TEMPRADEX 


A 
vial ul 


STEATITE & PORCELAIN PRODUCTS LTD. ® 


Stourport on Severn, Worcester Telephone: Stourport III Telegrams: Steatain, Stourport 


S.P.5 
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If they are worth hearing... 
they are worth recording ! 


Simple to operate and readily portable, the E.M.I. Portable Disc Recorder enables 
brilliant “‘ on the spot” recordings to be made of outstanding events. Produced by 
E.M.I. technicians with 50 years’ experience in recording, this new E.M.I. Portable 
Recorder is a remarkable technical achievement. Here in transportable form is a 
complete recording and play-back equipment designed to produce high quality recordings 
on lacquer blanks without demanding expert knowledge of recording technique. 
Operation is extremely easy and the equipment which is contained in three transportable 
cases needs 200/250 volts 50 cycles A.C. mains supply or a Car Battery and converter. 
Facilities for play-back and for sound amplification form an integral part of the Recorder. 
RECORDING BLANKS: EMIDISC Play-back Recording Blanks are ready for playing 
immediately after cutting. They are available in the following sizes—6”, 10’, 12”, 
16”. PROCESS BLANKS — enabling the recording to be pressed in quantity, by 
E.M.I., are obtainable for 11”, 12”, 13”, 173” recordings. 


PORTABLE RECORDER esc. 





‘2 i 
- 


O 
MICROPHONES: Alternative 
types of microphones are avail- 
able. Model 2350 on a heavy 
chrome stand (detachable). 
Model 2351 with hooks, equally 
adaptable for suspension, 
mounting on a boom ora floor 
stand. 
















































































Il “ll 
nt 


|Prrseenny 
f 
f 


? 


! 


| y/ 

















MN, 
aT 

















A descriptive leaflet giving full details of Model 2300 and Recording Blanks is obtainable on request. 


E.M.I. SALES & SERVICE LTD. HEAD OFFICE: HAYES, MIDDX. 
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COMPLETE 
ASSEMBLY 
INSTRUCTIONS 
: PRICE 


5 i 


POST FREE 





inghouse a 


for H.T., H.T. boost, E.H.T. and sound and vision interference suppression. 
Price for the kit of 5 rectifiers £3 2s. 6d. 


Dept. E.E. 11, Westinghouse Brake & Signal Co., Ltd., 82, York Way, King’s Cross, London, N.I. 


THE NAGARD OSCILLOSCOPE 


and oscillometer 


TYPE 103 


@ Sin. SCREEN @ UNIT CONSTRUCTION 


@ TIME BASES UP TO I Mc/s 
with frequency and time measurement to an 
accuracy of 2% 


@ AUTOMATIC SYNCHRONISATION 


@ D.C. AMPLIFIERS 
Zero frequency to 2.5 Mc/s at | cm/mV R.M.S. 
Zero frequency to 10 Mc/s at | mm/mV R.M.S. 


@ VOLTAGE MEASUREMENT 10 mV to 1000 V 
within 5%. 


NAGAR 


BRion'3sso 245, BRIXTON ROAD, LONDON, S.W.9. 9 Gramss, ‘secs! 
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ELECTRONICS 
EXHIBITION 
& SYMPOSIUM 


EXAMINATION MALL 


QUEEN SQUARE, WO 
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By courtesy of AMPLIVOX, LTD. 


2-4 Nov 1949 a 
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MULTI-CHANNEL 
Cathode Ray 


OSCILLOGRAPH 
RECORDERS 












Tube panel, optical sys- 

tem and drum camera 

of ME64 six-channel 
recorder. 
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™ . . . used in the Amplivox 
earpiece its small size is made possible by 
the small precision Sintered ‘ Alcomax ”’ 
Magnet, no larger than a sixpence. 
Sintered permanent magnets are essential 
where small’ size is critical, and large 
quantities are required. 


MUREX LIMITED 


RAINHAM - ESSEX - ENGLAND -:_ Telephone: Rainham Essex 240 
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Type 1400 
< DAWE INSTRUMENTS 


for sound measurement 
and analysis 


~~ @ SOUND LEVEL METER, 
Type 1400, measures intensity 
level over full range of hearing. 


@ A. F. ANALYSER, Type /40!, 
measures relative amplitudes of 
component frequencies. 


Type 1401 Z\ Full particulars will be sent 


On request to:- 











INSTRUMENTS LTD 





Visit the ELECTRONICS CENTRE, 


cur new London Showrooms, at 
83 Piccadilly, W.1 : MAYfair 4613 130 UXBRIDGE ROAD, HANWELL, LONDON, W.7: EALING 6215 


& G.C. QUARTZ CRYSTAL UNITS 


»~ For Reliable Radio Communications 


From take-off to landing, the safety of passen- 
gers, cargo and machines is largely dependent 
on trouble-free radio communication. 
Weather reports, conditions at terminal airports 
etc., must be reported to aircrews. 
Navigation by radio beacons plays an important 
part in keeping the planes flying safely on their 
assigned routes. 

Be sure, then, that the Quartz Crystal Units in 
* your radio equipment are the best obtainable, 
for they are the most critical components. 

Pioneering research and experience in making 
over a million units, ensure a product of the 
finest available quality at competitive prices. 
We can give rapid delivery for your urgent 
requirements. 
_ When the requirement is exceptionally 
- urgent, phone Middleton (Lancs.) 2424 
ioc or Temple Bar 4669 (London). 



























SALFORD ELECTRICAL INSTRUMENTS LTD. satcono’s vanes: 


A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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DYNATRON 
NUCLEONIC EQUIPMENT | 


Sinee 1945, Dynatron Radio has been d upon devel t of nucleonic 
equipment to specifications of the Ministry of jo. and we have been re- 
sponsible for the final design. This equipment is now available under licence to 
research establishments and is already the accepted standard in the new industry. 
The following units are available for early delivery :— } 





Scaler, Type Sc.200 The standard “ Voltmeter” of the new science. 
22 valves. 
Counting Neons to 100, relay counter to 1,000,000. Scale of | 
ten. Instant recordings. | 
Accuracy Complete. | 
Sensitivity Operates from 5 volt min. pulse pos. and neg. 
with separation of 6 microsecs. | 
Speed Max. rate 500 pulses per sec. 
Power Unit, Type P200 High stability. H.V. source for operating G.M. 
tubes, 5 valves. 
Output 4 ranges up to 4,000 volts. 
Accuracy 1 per cent. 
Output 50 micro amps. 
Test Oscilloscope Special Test Oscilloscope to Monitor above, and 
Monitor, Type M.20 associated equipment. An essential in the nucleo- 


nic laboratory. 
All units 8?” in height panel for rack mounting. | 


Standard Dynatron In 3 ft., 4 ft., and 6 ft. heights, now used universally 
Rack Cabinets. in research establishments. 


We shall be pleased to forward full details on request. 


DYNATRON RADIO LTD., 


4 Scalers, Manufacturers of RADIO RECEIVERS, RADIOGRAMS and TELEVISION 
Power Units, Oscillo- Ray Lea Road - MAIDENHEAD - Berks. 


scope Mounted in Rack Cabinet. 


















LARON 


BUT its conduct is good for the 





jobs you want to do with a first-class 

electrical board. This laminated plastic material 
possesses valuable mechanical properties to back up 
its excellent resistance. It can be sawn, 
drilled, stamped, shaped and fabricated. 


May we send you complete details ? 


THOMAS DE LA RUE & CO. LTD., Plastics Division, Imperial House, Regent Street, London, W.|! 
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THE eee 8 Ae 2 


POTENTIOMETER 
type PXF 5/H 10. 


is now available for general release to the 
Electronic Industry. 





Resistance range, 20 ohms to 50 K. ohms. 
Helical turns, 10. 

Rotation, 3,600 deg. 

Number of wire turns, 2,000 to 12,000. 
Wattage, 5. 


BRIEF SPECIFICATION 





Also precision Toroidal-wound Potentio- 
meters, including 360 deg. of winding with up 
to eight tapping points. All are available 
with sealed spindles and glass terminal seals. 


November, 1949 


POTENTIOMETERS 


10-1000 WATTS 









Ceramic Insulation only— 
and approved for tropical 
conditions. 

Complete Ceramic Rings for 
strength. 

Approved by all Govern- 
ment Departments. 


Reasonable Delivery. 


Specialists in all types of 
Toroidal Windings. 





Write for full details to :— 


P. X. FOX wiowirep 


TOROIDAL POTENTIOMETER SPECIALISTS 
HORSFORTH, YORKSHIRE, ENGLAND. 


Telephone : Horsforth 2831/2. - Telegrams: ‘‘ Toroidal, Leeds.” 


n.d.h. 








THE PYE Automatic 
VOLTAGE REGULATOR 
FOR A:C. MAINS 





R efficient operation, modern radio | 
and electronic devices demand a constant 
input voltage. 


The Pye Automatic Voltage Regulator not only ensures such a 
constant input but also gives a waveform free from distortion, a 
characteristic not found in other types of stabilizer. 

Directors of Research laboratories, of educational institutions, 
e.g. universities and technical colleges; makers and users of 
laboratory testing equipment, radio transmitters. and radar 
equipment, facsimile telegraphy apparatus, cinema projectors 
and sound equipment, telephone apparatus, electronic cali- 
brators, electro-chemical analysis equipment, will find this 
voltage stabilizer indispensable. It is fully automatic and of 
special value wherever equipment is installed on unattended 
sites since it prevents large and sudden changes in the input 
voltage from causing momentary overloads to equipment. 

The regulator is robust, fully tropicalised, and requires little 
maintenance. It gives constant output voltage of 230 volts or 
any required voltage within 4% despite an input variation of 
up to 90 volts, e.g. 

Voltage Required. 230 Volts. 

Output Voltage from Pye. Automatic Voltage Regulator. 
230 + 1.15 volts. 

Although the mains may vary from 170 — 260 volts 

The regulator is designed for a maximum power output of 
4.8 Kilowatts. 


PYE LIMITED - 


TELECOMMUNICATIONS DIVISION 











Pe 


Telecommunications 


CAMBRIDGE ENGLAND 





CAMBRIDGE ENGLAND 
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Electrical Standards for 





SULLIVAN GRIFFITHS Research and Industry 
INDUCTANCE STANDARDS Testing and Measuring Apparatus 


THE ONLY STANDARDS IN USE TO-DAY FOR COMMUNICATION 

WHICH ARE UNAPPROACHED THROUGH- . ENGINEERING 

OUT THE WORLD FOR STABILITY, 

FREEDOM FROM TEMPERATURE CO- 

EFFICIENT AND PERMANENCE OF ALL 
CHARACTERISTICS. 








THESE STANDARDS ARE 
ALSO AVAILABLE IN 
VARIABLE AND DECADE 


InH to IH FOR ALL FREQUENCIES 
HIGH PERMANENCE——————-<5 x 10°. 








ZERO TEMPERATURE COEFFICIENT. FORM AND ALSO 
<5 x 10° PER °C. ARRANGED FOR MUTUAL 
INDUCTANCE 


ACCURATELY CERTIFIED——————I x 10-4 
ADJUSTED CLOSELY TO NOMINAL VALUE 


2x10. 
LOW SELF CAPACITANCE. 
EXTREMELY LOW LOSSES. 
EXCELLENT FREQUENCY CHARACTERIS- 
TICS OF BOTH L AND R. 








The illustration shows the new 
terminal arrangement which 
is now fitted to all coils to 
facilitate the reproduction of 
standardisation condition 








H. W. SULLIVAN 


LIMITED ESSENTIAL FOR ACCURATE WAVEMETERS 
LONDON, S.E. 15 AND BEAT-TONE-OSCILLATORS. 

INDISPENSABLE FOR USE AS _ REFERENCE 

Telephone : New Cross 3225 (P.B.X.)__ STANDARDS IN COMMUNICATION ENGINEERING 








More sensitive 


BA IN 


VISUAL 
NULL 






than headphones 


Alternative input 


impedances 
ae INDICATOR 
Inexpensive For 
A.C. BRIDGES 
40 c/s to 
20 Ke/s 


Operates on A.C. mains 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 








Telephone: DARTFORD 2989 
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TELCON’S LATEST MAGNETIC 
DEVELOPMENT 


HCR. 


ALLOY 





@ ntw avaclatle i 
al g 4 


B (KILOGAUSS) 

















“922.” 
ALLOY TYPICAL 157~ 
D.C. HYSTERESIS 
LOOP 
10/4 
5 
H H 
T a — 24 3 
3 . : (OERSTEDS) 
5 
Saturation 15,600 Gauss 
Remanence 14,800 Gauss 
Coercivity about 0.2. Oersted 
+ 10 
D)) 
B (KILOGAUSS) 





The magnetic properties of this alloy 
make it suitable for mechanical 
rectifiers, magnetic amplifiers and 
special forms of reactors. 


Gy 


Full technical details on request from :— 
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Founded 1864 
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THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
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‘SINTREX’ BRAND 


ELECTROLYTIC 
IRON POWDER 


FOR POWDER METALLURGY 





GROU 3 
— im 


BROADWAY CHAMBERS 
Telephone: Riverside 4141 





EE 496/IP15 


SILVERSTONE’S 
of Manchester 


have pleasure in announcing the arrival 
of a limited consignment of 


BRAND NEW AR88 — LF RECEIVERS. 


These will be sent carriage paid in their original packing 
cases at 
£35 each 


Orders will be dealt with strictly in rotation, as we do not 
expect to be able to satisfy the demand for these marvellous 
sets 





We hold good stocks of RII55 RECEIVERS 
in 3 GRADES 
GRADE |. 


Perfect and in brand new condition. £10 10s. carr. paid 
Complete with Power Pack for 230-250 volts A.C. mains, with 
built-in speaker and volume control. £19 carr. paid. 


GRADE 2. 


Good condition. Defective but repairable. Complete 


with all parts and valves. 5 carr. paid. 
GRADE 3. 

Poor condition, not repairable, but complete with valves 

and useful for parts. £3 carr. paid. 


All Goods are covered by our well-known Guarantee of 
complete satisfaction or money refunded. 


:: eee, FSS | 











GEORGE COHEN SONS & CO. LTD 


LONDON, W.6 
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22 RANGES | C 0 VAC 


ee ELECTRONIC TESTMETER 


DG, AG RE, 
A versatile valve voltmeter for labora- 


CURRENT 
sae goal tory or test bench, Being battery 


1.5 Amps. D.C. operated, it is instantly ready for use. 
RESISTANCES Probe for V.H.F. measurements. 
Up to 100 MQ 








ELECTRONIC INSTRUMENTS LTD & 


17 PARADISE ROAD: RICHMOND - SURREY 














PLAN YOUR 
CAREER 


RADIO + TELEVISION 
and other INDUSTRIAL 


j ELECTRONIC subjects 
| ELEMENTARY & ADVANCED COURSES 


WRITE FOR FREE BOOKLET summarising 4 
careers available in Electronics and giving particulars 
of Courses offered by E.M.I. Institutes. 


The booklet contains full details of elementary 
and advanced HOME STUDY and DAYTIME 
courses in Radio, Television, Telecommunica- 
tions and Industrial Electronics. 


Courses ideal for those seeking recognised qualifications 
are also available. 










Payment for tuition can be made in easy instalments 
if required. 





Write to Dept. 11 


As ociated with 
MARCON FRUNE 
ol tele Oe 


43, GROVE PARK ROAD, LONDON, W.4. CHiswick 4417/8 


COL 


iC 








R.147 
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ILE 
si Me GENERATOR 


FOR FIELD OR FACTORY 





Diagram showing rear aper- 
ture and easily interchanged 
mains and battery units. 





Originally styled for service in the front line, this mobile 
Marconi Signal Generator has proved itself supremely 
adaptable. Light and compact as an attaché case it is 
mains operated ordinarily but independent of power 
supplies when fitted with its special battery unit. 
Technically a triumph of ingenuity, it combines in 
so small a compass a SIGNAL GENERATOR with wide 
frequency coverage—70 kc/s to 70 Mc/s—ouTPUT POWER 
METER, up to 1 W with impedance matching — and 
CRYSTAL CALIBRATOR accuracy 2 parts in 104, Accuracy 
of output and frequency calibration is above the 
average for so moderately priced an instrument. Please 
ask for further particulars of: 


The Portable Receiver Tester Type TF888 


MARCONI INSTRUMENTS LTD. 


ST. ALBANS, HERTS. ipdsincrocenes St. Albans 6161/5 


Northern Office: 30 Albién iia Hull. Western Office: 10 Portview 
Road, Av thern Office & Showrooms: [09 Eaton Square, 
Londen, : S.W.1. "Midland Office: 19 The Parade, Leamington Spa. 
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ALL GUARANTEED, 


6AB7, 6B8G, 6H6, 6SH7, OZ4, 3B7, EF50, Acorn 954, 
EASO, 5/- each. 

5Z4, 25Z4, |1I7Z6GT, 6AC7, 6C5, 6F5, 6K7, 6/7, 6K8, 6N7, 
6SK7, 6SJ7, 6AG5, 6V6, 6Q7, VR150/30, VR105/30, ILNS5, 
EBC33 (VR55) 9001, 9002, 9003, IRS, 5U4G, (VU7I) U8, 
(AU1) 615, 6SG7, 6K6. All at 6/6 each. 
5SR4GY, 12SK7, CL33, 866A. All at 8/6 each. 


866A Rect. 10/6 each 832 17/6 each 
807 ee ..  7/6each 6L6 12/6 each 
S3IA. .:. ... 30/- each 829B 80/- each 
829 a ... 57/6 each 


4uF 1,000V paper capacitors, 2/9 each or 3 for 7/-. 

16 x 16 450V electrolytic, 4/9 each or five for 21/-. 
Two-gang capacitor 500uF, 5/6 each. 

Assorted packet (100) resistors, from 27 ohms-3.9 meg. 
Our selection, 15/-. V.H.F. converter, £18 10s. 


1 
9 
4 

3 


L T D PAD 6116/5606 





BRAND NEW VALVES AT GREATLY 
REDUCED PRICES 


AND MAJORITY BOXED. 


Shop Hours: Monday—Saturday, 9—5.30 p.m. 


TELE-RADIO (1943) LTD., 
177 EDGWARE ROAD, LONDON, W.2. 


A converter designed for use ahead of any make of com- 
munication receiver for 2, 5, 10, || metres. The power 
supply is built in and uses a 5W4 rectifier. The voltage to 
the RF oscillator and mixer is stabilised by a neon. A 
ganged tuning capacitor is used, and a chart calibrated in 
megacycles is supplied. The IF frequency (output) is 
10.5 Mcis., and the instrument uses plug-in coils for the 
various bands. A changeover switch is also incorporated to 
throw the aerial from the converter to the receiver as 
desired. The RF input is tuned separately to gain maximum 
RF amplification. 


Send for 1949 catalogue, 9d. post free, and also special 
bargain list. Please include sufficient for postage and 
packing when ordering. 


Thursday, 9—I p.m. 


AMP, 5393 








TAKES UP LESS ROOM 









Made principally of steel 
Steel-preserving electrolyte 
Fully enclosed active 


materials STEEL BATTERIES 
Practically free from self- : 
discharge (N.B. Nafe batteries are not yet available 


Sor private cars or domestic radio.) 


REDDITCH * WORCESTERSHIRE 





NIFE BATTERIES - 










for . 
electric furnaces. 
_ lamps évalves . 





also 
_VAC> STEEL 
and other 
| SEALING-IN-WIRES 








TA 


419-- 
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: ELECTRONIC EQUIPMENT FOR INDUSTRY 


INEXPENSIVE PHOTO-ELECTRIC EQUIPMENT 


Light Source Type L.S.U.|I 
A mains-operated unit for use 
with the E.P.U.] over dis- 
tances up to I0 feet. 


Control Unit Type E.P.U.| 
A newly developed compact, 
self-contained unit which will 
make or break a circuit carry- 
ing 5 amps. at 230 volts 50 ¢/s., 
when the light beam is 


obscured. 


Light Source Type L.S.U.2 
A similar unit to the L.S.U.1, 
but for distances up to 25 feet. 





Write for a copy of our booklet ‘* Electronic Equipment for Industry ”’ 


BRITISH ELECTRONIC PRODUCTS ('948) LTD. 


CO’ 
Otecboonte Onyones “ Sah if 


RUGELEY STAFFES ° PHONE RUGELEWY 371 


| Tayior /o Luulily 


INSTRUMENTS 


THESE panel instruments are available as 















MODEL 250. Scale 24” 


"] moving coil, rectifier and thermo-couple 

types and cover a wide range of measure- 
ments. Series 350, 400, 415 and 500 are 
also available as moving iron instruments 
for use on A.C. or D.C 

ES 


IMMEDIATE DELIVERY 
of most types and ranges 


Other Products include: Multirange A.C. D.C. Test Meters 
Signal Generators @ Valve Testers @ A.C. Bridges @ Circuit 
Analysers @ Cathode Ray Oscillographs @ High and Low Range 
Ohmmeters @ Output Meters @ Insulation Testers @ Moving 


MODEL 415. Scale 4° 








Write for full details to:— Coil Instruments 


TAYLOR ELECTRICAL INSTRUMENTS LTD. @ Phone Stoush 2138! (4lines) 


G Cables T: » Slough 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND er eae ons mat 
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\ieRATION 


EQUIPMENT 








VIBRATOR 
FV RE “Ek” 


Moving Coil Vibrators for driving 
fatigue test specimens and the 
investigation of resonant frequencies. 








. e e 
De Havilland Vibrator Type “D” ... Maximum Power 
Absorption 1 Kw... . Full Load Alternating Thrust 
250 Ibs. . . . Frequency Range up to 2000 c.p.s. 

e e e 
De Havilland Vibrator Type “E” ... Maximum Power 
Absorption 50 watts. . . . Full Load Alternating 
Thrust 25 lbs. . . . Frequency Range up to 6000 c.p.s. 


Write for full information to: 


Mullard 


ELECTRONIC PRODUCTS LTD. 
ELECTRONIC EQUIPMENT DIVISION 


ABOYNE ROAD, LONDON, S.W.I7 


ABOYNE WORKS, 








(M.1.306A) 





APPARATUS RACKS: To _ take 
19 in. Panels slotted to international 
standards. 

LARGE RACK: Total Panel Space, 
5 ft. 3 in. (36 units) 12 in. deep. 


£3 100 

SMALL RACK: Total Panel Space, 
2 ft. 7} in. (18 units) 12 in. deep. 

{2 100 


Drilled and Tapped O.B.A. (r1# in. units). 
FINISHED in Black or Grey Stoved 
Enamel. 
Heavy Duty All Metal Castors for 
above Racks, per set of of 4... 128 6d. 
Hexagon Headed O.B.A. Screws with 
washers for fixing 
Panels to Rack, Chromium Plated 
per doz. 5s. 
As above, in Florentine Bronze 
per doz., 4s. 6d. 
Plain Steel Screws, Cheese Head, self- 
colour per doz. 1s, 3d. 
Chassis, Panels, Angle Brackets etc., supplied to suit the above in 
Steel or Aluminium. Glossy Stoved or Wrinkle Finishes available. 
Quick Delivery can be made of special products to specification. 


Comprehensive lists on request. Carriage paid on orders over £2. 
REOSOUND ENGINEERING AND 
ELECTRICAL COMPANY, 


“Reosound Works,’ Coleshill Road, 
SUTTON COLDFIELD. 


Tel.-SUT. 4685 Grams-Reosound SUTTON COLDFIELD. 

















PEN STENCILS 


ASK West’s advice on: 
Drawing Office Equipment 
Sensitized Papers 
Blue Prints and Dye Line Pr ints 
True-to-scale Prints 
Surveying Equipment 


We can help you from start to 
finish 


A. WEST & PARTNERS LTD. 


36 BROADWAY, WESTMINSTER, S.W.|! 
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LAMINATIONS 


FOR 
ALL RADIO AND ELECTRICAL USES. 


IN SILICON, DYNAMO, INTERMEDIATE 
AND TRANSFORMER QUALITIES. 


PERMALLOY, MUMETAL, RADIOMETAL. 
SCREENS FOR ALL ELECTRICAL USES. 


TRANSFORMER SHROUDS FOR 35 AND 
74 LAMS. 


GENERAL PRECISION ENGINEERS. 


SHERARDISING TO THE TRADE. 
ELECTRICAL SOUND & TELEVISION PATENTS LTD. 


12 PEMBROKE STREET, LONDON, N.!I. — TERminus 4355 
2/4 MANOR WAY, BOREHAM WOOD, HERTS. — ELStree 2138 














“QQ” METER 
TYPE 31 


An accurate and reasonably priced instrument for laboratory 
and production use 


100 Kc/s. — 30 Mc/s. 


Frequency range 
35upF. — 500upF. 
300 


“oo range 


*“Q”’ range ... sire se Se 

Frequency accuracy ... ta Sean ea 

od accuracy... ne oe «6% or + bpp. 
accuracy ae + 5% 


PRICE £85 
DELIVERY EX STOCK 


SAMWELL & HUTTON 


Electronic Equipment Manufacturers 


COMBINE WORKS, 
1, GOODMAYES ROAD, ILFORD, ESSEX 


Telephone : SEVen Kings 6236 
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Fee TELCON CABLES are 
scientifically designed. EVERY 
COIL is TESTED to ensure that the Imped- 
ance and Attenuation characteristics are 
uniformly maintained within close limits. 
This background of technical knowledgeand 
care in manufacture is a guarantee that 
Aerial Installations using TELCON TELEVISION 
CABLES are a source of maximum signal and 
satisfaction. There is a TELCON CABLE 
designed for every Receiver and for all 
reception areas—PT1M Co-axial for high 
signal strength and AS 60M Co-axial for 
“‘ fringe’? areas are two examples. 


The TELEGRAPH CONSTRUCTION & MAINTENANCE Co. Ltd 
Founded 1864 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2 
Telephone : LONdon Wall 3141 


Enquiriesto: TELCON WORKS, GREEN WICH, S.E.10 
Telephone : GREenwich 329! 
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Evectronic Controls 
and EQUIPMENT 


FOR 


LABORATORY AND INDUSTRY 


e SUPPLY 
@ 'NSTALLATION 
@ MAINTENANCE 
@ _ SERVICE 


@ DESIGN For 
SPECIAL APPLICATIONS 


F. C. ROBINSON & 
PARTNERS, LTD. 
308, DEANSGATE, MANCHESTER, 3. 
BLAckfriars 1550. 
NORTHERN REPRESENTATIVE FOR : 
Cintel — Electronic Instruments — Baldwin 
Furzehill — Airmec — B.C.C. — Wayne Kerr 


Mullard — Sargrove — Hazlehurst 
H. J. Leak 








Electronic Engineering 


our 1950 FULLY 
ILLUSTRATED CATALOGUE 

OF HIGH QUALITY 
ELECTRONIC PRODUCTS IS 


NOW AVAILABLE 58 ree 
BERRY S 
(SHORT WAVE) LTD. . 


25, HIGH HOLBORN. LONDON, W.C.1 








L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries: 
London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 


Telephone WiLiesden 6486 














OF INTEREST TO 


RADIO DEALERS AND 
OTHERS 


JOHN DUCKWORTH AND SON, 
F.A.I., 

have received instructions to offer for 

Sale by Private Treaty the Property, 


Stock-in-Trade, Fixtures, Fittings and 
Goodwill of the 


AMATEUR RADIO SERVICE G6HP 
» 27/29, CANNING STREET 
BURNLEY 


recently carried on by the late T. B. 
Wimbush. Alternatively offers would 
be considered for the sale of the 
business only, including stock and 
goodwill. 

Detailed particulars, trading accounts and 
Inventory (price |/-) may be obtained from 
the AUCTIONEERS at their offices, 7, 
St. James Street, Accringten. Telephones 
2509 and 39288 or from 


ROBT. KIDD WHITAKER & PRATT, 
Solicitors, 
1, QUEEN STREET, ACCRINGTON, 
Telephone 2318 
(and at OSWALDTWISTLE and 
HASLINGDEN) 





SHEET METAL CASES 


accurately made and finely finished 
We cannot supply 100,000, but if you want 


j,or 
100, or 
1000, or more, 


please contact— 


CLEVELAND ART METAL WORKS 


Architectural Metal Workers and Engineers 
23 & 23a, Mortimer Market, Tottenham 
Court Road, LONDON, W.C.I 
Tel.: EUSton 4169 














NEW SMALL PROCESS TIMERS 
53” x 6” x 5}” 

For flush or wall mounting. 

Type JPS. Hand Resetting Timer. 


Type SRJ. Automatically Resetting 
Timer. 


BOTH SYNCHRONOUS 
JPRS. Ask for Lists 120 & 121) EO 











L———- LONDEX LTD —— 


Manufacturers of Relays 
207, ANERLEY RD., LONDON, S.E.20. SYDenham 6258-9 
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VARLEY COMPONENTS 


FOR 


ELECTRONIC ENGINEERING 
HOME BUILT TELEVISOR 


List No. 
WS 903 4 KV - 2 V (2A) 


or 


(WS 903/5 5 KV - 2 V (2A) - 


4 V (IA) 72/6) 
EP 63 Mains Transformer ... 90/- 
DP 52 Choke... oe .. 18/6 
DP 62 Choke... - « 


OLIVER PELL CONTROL LTD 


Ww wich 14 


Electronic 


ACCESSORIES & COMPONENTS 


For Research WINA An 
all soto HOLIDAY & HEMMERD 
tories, Colleges, BERAMP iL LM A 
etc. Pree ‘ 
Send for List. MANCHESTER 3 TEL DEA 4 


An important 


new book 


—~ See 


dio 
a Frequency 


Heating 


ment 
Equip ng 


By L. L. Langton, A.M.I.E.E. © An im- 
portant book on a new technical sub- 
ject of which the author is a recognised 
expert. His book deals in a straight- 
forward manner with the design ot 
equipment for radio frequency heating 
and also with some applications of the 
technique. An extremely useful book 
for all electronic engineers. 


17/6 net 


Pitman 


Parker St., Kingsway, London, W.C.2. 


67/6 











Address 



































net 


¥.C.2. 
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) 
STENTLY 


PULLIN 


INDUSTRIAL 
MEASUREMENT 


Linear Scale  Bridge- 

type Ohmmeter, with 
press key, designed for 
routine production testing 
of all resistive components. 
For battery or A.C. mains 
operation. (A.C. mains 
Operated instruments are 
compensated for voltage 
variations up to — 15%.) 
Designed and constructed 
to withstand severe indus- 
trial use. Available as single 
or multi-range. 


Standard’ pattern four-range 

Series 85 Industrial instrument reading 0/10, 
Bench Type Ohmmeter 0/100, 0/1,000 and 0/10,000 
ohms ; thirteen other mcdels 
available. 


Address all enquiries to 


MEASURING INSTRUMENTS (PULLIN) LTD 
rin Works, Winc er St, London, W. 
ie ot it ids pier & on —=iD>— 
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AERIALITE 
COAXIAL CABLES 
are manufactured under strict Laboratory con- 
ditions and to Government Specification where 
—— possible. Send for list of the full range of 
= AERIALITE R/F Cables and Feeders. 
== THE D.P.O. MODEL 50—A_ new television 
Aerial. The best Aerial on the market at the lowest 
price. Available in two types—‘‘ London ’’ and 
“* Midlands,”’ and made up for three different styles 
of mounting. Features: Low-Loss Insulator, Water- 
proof Plug Assembly, Accessibility. Easy 
Erection, Strength, Broad Bandwidth, 50/- 


a. 


Hill 


Io 








——— —— Rigidity. (Prov. Patent 26255/48.) 
———— _ CASTLE WORKS, STALYBRIDGE, cunune, 


Send for our booklet ‘‘ Bring the World to your Door”’ 
for details of all AERIALITE Products. 














(OUS ENGINEERS 


HAVE YOU HAD YOUR COPY OF 
“ ENGINEERING OPPORTUNITIES ”? 
Whatever your age or experience—you must read this Kendal 
informative guide to the hose Wa engineering posts. 

contains particulars of A.M.LC.E-, A MiMecbE. A. 

A.M.LM.L, A.M.Brit..R.E., and other important come 
Exarninations, and ou! egy 4 courses in all brenches ‘of 














Elec ee a... Radio and 
Aeronautical cnguticel | Engineering overnment Employment, 
ughtsmanship, uilding B Plastics, Ma’ tion, etc. 

arantee 


“‘NO PASS — NO FEE’’ 
ves aay are earning less rr £10 a week onan afford to miss 
r “ Engineering portunities it tells you ing 
you mat to know to secure your r fee. Write for this eali htening 
guide to well paid poets FREE and without obligation, 


BRITISH INSTITUTE OF B I E T 





ENGINEERING TECHNOLOGY 
337a, oa: os va » tee Stratford Place, 








RELAYS 


AND 


KEY SWITCHES 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 
Types 600-3000 Relays — Siemens High Speed 


Uniselector Switches, Carbon Insets, Telephone Components 
Plugs, Jacks, Handsets, Co-Axial Cables 


JACK DAVIS 


Dept. E.E. 
30 PERCY STREET, LONDON, W.I 


Phones : MUSeum 7969, LANgham 482! 

























THE “FLUXITE 
QUINS ’ AT WORK 


“ Are you certain that 
aerial's tight? 

And the flux you used 
was FLUXITE ? 


Said OI “ Why I'm sure 
And, furthermore, 


I'll tug it. You'll see if 
I'm right”. 





For all SOLDERING work—you need FLU XITE—the paste 
flux—with which even dirty metals are soldered and ‘‘tinned.”’ 
For the jointing of lead—without solder and the “ running” 
of white metal bearings—without ‘‘ tinning ’’ the bearing. 


It is suitable for ALL METALS—excepting ALUMINIUM— 
and can be used with safety on ELECTRICAL and other 
sensitive apparatus. 

With Fluxite Joints can be “wiped” success- 
fully, that are impossible by any other method 










Used for over 40 years in Government 
Works. and by leading Engineers and Manu- 
facturers. OF ALL IRONMONGERS— 








IN TINS—10d., 1/6 and 3/-. 
The “Flux; ALL MECHANICS 
pt Flusite : 
where you 
ait FLUXITE 
a simple 

pressure. 


Write for Leaflets on CASE HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE also on ‘‘ WIPED JOINTS.’ Price Id. each. 


FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, S.E,1 
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Advance Components Ltd. 
Aerialite Ltd. bs = ss 
Automatic Coil Winder & Electrical 
Equipment Co., Ltd., The 

Baldwin Instrument Co., Ltd. 

Belling & Lee Ltd. 

Berry’s (Short Wave) Ltd. se 
British Electronic Products (1948) Ltd. .. 


British Institute of Engineering Tech- 

nology ie ys ae 8% 
British I lated Callender’s Cables Ltd. 
British Thomson-Houston Co., Ltd., The 





Chapman & Hall Ltd. 

Cinema- Television Ltd. 

Cleveland Art Metal Works .. 
Cohen, Sons & Co., Ltd., George .. 
Cossor Ltd., A. C. 


Davis Supplies Ltd., Alec. 
Davis, Jack 

Dawe Instruments Ltd. 

De La Rue & Co., Ltd., Thomas 
Duckworth & Son, F.A.I., John 
Bynatron Radio Ltd. .. 


EdisonjSwan Electric Co., Ltd., The 
Electrical Sound & Television Patents Ltd. 


Cover i 
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34 
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INDEX TO ADVERTISERS 


Electronic Instruments es ; ee 
E.M.I. Institutes Ltd. _ oy: i ae 
E.M.I. Sales & Service Ltd. $s ee 
Ferranti Ltd. .. se ue aie ++ ye 
Fielden (Electronics) Ltd. .. 6 .. 438 
Fiuxite Ltd. a : or ‘wv -« 
Foster Transformers & Switchgear Ltd. 

Fox Ltd., P.X. .. as aa os -« 2 


Holiday & Hemmerdinger Ltd... de | 
Hopton Radio .. - és vi sx 2 
Johnson, Matthey & Co., Ltd. ie a 9 


Leland Instruments Ltd. Cover iii 
Lewis & Co., Ltd., H. K. ke = .. 436 
Londex Ltd. an ae bh se ~~ 
London Transformer Products Ltd. . & 


Marconi Instruments Ltd. .. ck oe 
Measuring Instruments (Pullin) Ltd. .. 
Modern Book Co.. The a ox .. 436 
Muirhead & Co., Ltd. “~ oe oe 5 
Mullard Electronic Products Ltd. .. 18 & 32 
Murex Ltd. is - at os ss: ae 
Nagard Ltd. Ss - ic ks co 
Nife Batteries .. re ay ‘a oa a 


Painton & Co., Ltd. 

Pell Control Ltd., Oliver 
Pitman & Sons, Ltd., Sir Isaac 
Pye Ltd. .. 


Reosound Engineering & Electrical Co. .. 
Robinson & Partners, Ltd., F.C. .. 


Salford Electrical Instruments Ltd. 
Samwell & Hutton 

Silverstone, H. .. 

Southern Instruments Ltd. .. 

d Teleph & Cables Ltd. 
Steatite & Porcelain Products Ltd. 

Sullivan Ltd., H. W. 


St. a 





Taylor Electrical Instruments Ltd. <a 


Telegraph Construction & Maintenance 
Co., Ltd., The 28 & 33 


Tele-Radio (1943) Ltd. oa nF a 30 
Tufnol Ltd. ‘he mr ee ou és 3 


Vactite Wire Co. Ltd. .. es Be a | 
Vortexion Ltd. .. es a ke so, 


Walter Instruments Ltd. re on sve EF 
Webb's Radio a Cover iv 
West & Partners Ltd., A. .. = oc. a 
Westinghouse Brake & Signal Co., Ltd... 22 





PAINTON 


KINGSTHORPE 


NORTHAMPTON 
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TIN FREQUENCY OSCILLATOR 


SET CALIBRATION 


5 iia: bores: sites tees ete: 





4+) $eeeee 


Model 27 


MARK Iv 


sich i ape a so eines ieewe. 00. nt le 


_ eycles ‘per second in two ranges, particularly designed to permit good frequency discrimination at the low end of the scale. 
This instrument is a variant of the Model 27 Beat Frequency Oscillator which was originally produced for the R.AF. 


Calibration of the frequency scales is to an accuracy of plus or minus two 
per cent. and there is provision for beating the oscillator against the mains 


nil 


up to 25 volts and 8 volts approximately may be obtained across 
the 5,000 ohms and 500 ohms Output terminals respectively by means of 
a switch. ‘ 


Chassis and components, panel and case are finished ‘throughout to semi- 
tropical specification. 

You are invited to write for the data sheet on Model 27 which gives the 
instrument's full specification, and also for technical information on other 
instruments in the ranges of CLOUGH-BRENGLE, BOONTON, 
BALLANTINE, FERRIS. MFRVYN and MIDGLEY-HARMER. 








ELAND 
NISTERIUIMIEIN ST pS ATI) 
0 ngnees & 


TELEPHONE: CHANCERY 876521/8766 


21 JOHN STREET - BEDFORD ROW - LONDON W.C.| 


i (ili 
or bth standard 
p-m. work :— 


OISSEUR DUAL-SPEED MOTOR. 


200 0/250 volts A.C. Gives either 78 or 33} r.p.m. at turn of 
switch and so plays standard recordings, transcription 
recordings and micro-groove long-playing records. Uses 
a synchronous type motor with 12in. lathe-turned non- 
ferrous turntable. 
(Note : this is not intended to replace the Connoisseur Single-speed motor 
which remains pred for those 2 the best 78 r.p.m. mechanism). 
Connoisseur Dual-Speed Motor £12 10 oO 
Plus purchase tax ; S:8 4 


CONNOISSEUR SUPER-LIGHTWEIGHT 
PICK-UP. 
Fitted with bayonet action interchangeable heads for 
standard and microgroove recordings. Truly LIGHT- 
WEIGHT pressure of 10 to 12 grams for standard head 
and 5 to 7 grams for microgroove. Output 3 millivolts 
or with transformer 0.1 volt. Both heads fitted with 
semi-permanent sapphire stylus. The quality of reproduc- 
tion will match the finest amplifier and loud-speaker 
system. 
Connoisseur Lightweight Pick-up, with one head, 
(you specify type of head pred ce ee 0 
Purchase tax set I 14 
The second head, either type costs 2 10 
Purchase tax ays a aed on ee 
Connoisseur Transformer > Aes 15 





Leak MOVING COIL PICK-UP. 


The result of long and careful research, this is an out- 
standing example of British precision workmanship. 
The engineer will approve every detail of its mechanical 
construction, we leave the musician to judge the quality 


of reproduction. Webb’s think it the BEsT YET. Do 
please call and hear this Pick-up, bring a few of your own 
disks and don’t be afraid to choose “‘ teasers ””—the Leak 
likes them 
Leak Moving Coil ies tia § re ad ep £8 8 
Plus purchase tax ses 3 12 
Input Transformer... 2 10 
Also available with Diamond id Stylus £25 0 
Plus purchase tax IO 16 


WEBB’S RADIO, 
Telephone : GERrard 2089. Hours of Busines; : 


NOVEMBER, 1949 





WEBB’S offer 

unique opportunities 
for comparison of 
reproducing apparatus 


You may compare the pick-ups on the left with 
other recognised leading designs such as :— 


BRIERLEY RIBBON 

BRIERLEY MICROARMATURE 
WILKINS & WRIGHT COIL 
CONNOISSEUR STANDARD, etc. 


playing with any 
LEADING MAKE OF AMPLIFIER 
into loudspeakers by 


MORDAUNT * VOIGT « LEAK 
GOODMANS - ACOUSTICAL +: BARKER 
ROLA : B.T.H. 


* also—straight from 
Radiolympia 
THE NEW WHARFEDALE 
“REFLEX LOADING ” 


CORNER ASSEMBLY 


Using 15” Unit in concrete-backed Non- 
Resonant corner cavity. 
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